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(57) A side airbag device (10) for protecting an oc- 
cupant (P) from a side impact applied to a body (15). 
The inside of the airbag (18) is divided into an upper 
chamber and a lower chamber. A connecting portion 



(24) is formed by joining the inside surfaces of the air- 
bag. The flow of the inflation gas is distributed to the 
upper chamber and the lower chamber by the connect- 
ing portion. 
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Description 

TECHNICAL FIELD 

[0001] The present Invention relates to a side airbag 
device for protecting occupants from impact by operat- 
ing when, for example, an impact greater than a prede- 
termined impact is applied to the body of a vehicle or 
the like, and more specifically, relates to a side airbag 
for protecting occupants from impact from a side wall of 
the body. 

BACKGROUND ART 

[0002] Fig. 1 shows a first prior art side airbag device 
102 described in Japanese Lald-Open Patent Publica- 
tion No. 10-67297. The side airbag device 102 is dis- 
posed on the side of a seatcushion 1 01 . An airbag 1 03 
is divided into an upper airbag 1 03a and a lower airbag 
1 03b by a partition 1 04. When the airbag 1 03 is Inflated, 
the lower airbag 1 03b is arranged beside the hip region 
Ph of the occupant P. A pressure restricting valve 105 
Is Installed in the partition 104. The lower airbag 103b 
is inflated before the upper, airbag 103a by means of 
the partition 104 and the pressure restricting valve 105. 
Since an inflation gas from an inflator is supplied to the 
upper airbag 1 03a only through the pressure restricting 
valve 105, the inflation of the upper airbag 103a is rel- 
atively slow. 

[0003] There has been an Increase in the number of 
vehicles, such as minivans and off-road vehicles, that 
have bumpers mounted at a relatively high position. 
When such vehicles crash Into the side of another vehi- 
cle, an impact is applied at a relatively high position of 
the side door of the struck vehicle and first deforms that 
position. Therefore, when the inflation of the upper air- 
bag 1 03a is delayed, the impact may not be sufficiently 
absorbed. 

[0004] Fig. 2 shows a second prior art side airbag de- 
vice 112 described in Japanese Laid-Open Patent Pub- 
lication No. 2000-177527. The side airbag device 112 
has a housing 1 1 6 embedded in a seat back. An Inflator 
1 1 5 is accommodated in the housing 1 1 6. An airbag 1 1 3 
has an upper chamber 1 1 3a and a lower chamber 1 1 3b. 
The upper chamber 113a is completely separated from 
the lower chamber 113b by a partitioning seam 114. 
When the airbag 1 1 3 is inflated, the upper chamber 1 1 3a 
is arranged beside the chest region of the occupant, and 
the lower chamber 113b is arranged beside the hip re- 
gion Ph of the occupant. Furthermore, the airbag 113 is 
inflated so that the internal pressure of the upper cham- 
ber 113a Is lower than the internal pressure cf the lower 
chamber 113b. 

[0005] More specifically, the housing 116 has upper 
and lower apertures 1 1 6a and 1 1 6b, the inflator 1 1 5 sup- 
plies the upper chamber 113a with inflation gas through 
the upper aperture 116a, and supplies the lower cham- 
ber 113b with Inflation gas through the lower aperture 



116b. The difference in the internal pressures of the 
chambers 113a and 113b is regulated by the difference 
in the cross sectional areas of the apertures 116a and 
1 1 6b. If the lower aperture 1 1 6b Is larger than the upper 
5 aperture 1 1 6a, the inflation gas fills the lower chamber 
113b before the upper chamber 113a. In this way, an 
internal pressure difference is generated between the 
chambers 113a and 113b. 

[0006] Since the upper chamber 113a and the lower 

10 chamber 1 1 3b are inflated simultaneously, it is possible 
to absorb the impact applied at a relatively high position 
on the side door. However, when an impact is received 
at a relatively low position on the side door, the lower 
part of the side door is deformed and enters the lower 

15 chamber 113b. The lower chamber 113b is separated 
from the upper chamber 1 1 3a. Thus, when the side door 
compresses the lower chamber 1 1 3b, the gas in the low- 
er chamber 113b cannot be released. This may exces- 
sively Increase the internal pressure of the lower cham- 

20 ber 1 1 3b, which becomes excessively high, and the ap- 
plied impact may not be sufficiently absorbed. 
[0007] Furthermore, the shape of the seat, the sitting 
posture of the occupant, and the inner shape of the side 
door differs between vehicles. The size of the apertures 

25 1 1 6a and 1 1 6b must be changed in accordance with the 
type of the vehicle to optimize the internal pressure dif- 
ference between the two chambers 113a and 113b. 
Therefore, in addition to the airbag 113, the housing 116 
must also be prepared in accordance with the vehicle 

30 type. This increases the manufacturing cost. 

[0008] In addition, the partitioning seam 114 extends 
linearly in the horizontal direction. Thus, when the airbag 
113 is inflated and deployed, the airbag 113 easily con- 
tracts in the vertical direction. This destabilizes the 

35 shape of the airbag 1 1 3 and may cause differences in 
the impact absorbing capability of the airbag 1 1 3. 

DISCLOSURE OF THE INVENTION 

40 [0009] It is an object of the present invention to pro- 
vide an inexpensive side airbag device that effectively 
absorbs an Impact regardless of the position at which 
the impact is applied. 

[0010] To achieve the above object, a first aspect of 
45 the present invention provides a side airbag device in- 
cluding an inflator for generating an inflation gas when 
an impact greater than a predetermined impact is ap- 
plied to the body, an airbag which is Inflated and de- 
ployed by the inflation gas, a partitioning means provid- 
50 ed in the airbag for dividing the airbag into at least an 
upper chamber and a lower chamber, and a flow restrict- 
ing means provided in the airbag for distributing the flow 
of the Inflation gas to the upper chamber and the lower 
chamber. 

55 [001 1 ] In one aspect, the side airbag device is mount- 
ed on the seat back of a seat disposed within a vehicle. 
The airbag is desirably accommodated In the seat back, 
and deployment of the airbag Is permitted by breaking 
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part of the seat back. 

[0012] In one aspect, a means for facilitating the 
breaking of the seat is provided in part of the seat back 
which accommodates the lower chamber of the airbag. 
It is desirable that the break facilitating means is formed s 
of a relatively nonstretchable material. 
[0013] In one aspect, the partitioning means further 
includes a rear passage connecting the upper chamber 
and the lower chamber in the rear of the airbag, and part 
of the partitioning means also functions as the flow re- 10 
stricting means. 

[0014] In one aspect, the rear end of the flow restrict- 
ing means is disposed in front of the seat back and part 
of the back flow passage is disposed in front of the seat 
back when the airbag is deployed. It is desirable that the *5 
flow restricting means has a portion extending vertically. 
[0015] In one aspect, the flow restricting means dis- 
tributes more inflation gas to the lower chamber than the 
upper chamber. 

[0016] It is desirable that the airbag be provided with 20 
a means for maintaining the pressure of the upper 
chamber below a predetermined pressure. In one as- 
pect, the means for maintaining pressure is a vent 
mechanism. The vent mechanism may be a variable 
vent mechanism. 25 
[0017] It is desirable that the airbag has a thickness 
restricting means for restricting the thickness of the air- 
bag. In one aspect, the thickness restricting means re- 
leases the restriction of the thickness when the pressure 
of the airbag reaches a predetermined pressure and al- 30 
so functions as the means for maintaining pressure. 
[0018] It Is desirable that the aperture cross sectional 
area at the lower end of the rear passage is greater than 
the aperture cross sectional area at the top end. 
[0019] In one aspect, the partitioning means includes 35 
a front partitioning means disposed in front of the flow 
restricting means. 

[0020] In one aspect, the partitioning means includes 
a front portion connected to the flow restricting means. 
[0021] It is desirable that the airbag has a front pas- *o 
sage connecting the upper chamber and the lower 
chamber at the front of the front portion. j 
[0022] In one aspect, the front portion is formed so as 
to extend vertically in the front part of the airbag. 
[0023] The partitioning means is a connecting portion 45 
formed in a U-shape, V-shape, H-shape, W-shape, or 
horizontal T-shape. j 
[0024] In one aspect, the lower chamber has a rela- 
tively flat bottom portion. 

[0025] In one aspect, when the side airbag device is so 
in a standby state, the airbag is folded, such t that the 
front part of the main part adjacent to the abdominal re- 
gion of the occupant and the front part of the lower por- 
tion corresponding to the hip region of the occupant are 
folded back to the front end of the partitioning means, 55 
and the airbag is connected to an inflator when the lower 
portion is folded back to the lower end of the partitioning 
means. 



[0026] It is desirable that the thickness of the main 
part of the airbag is less than the thicknesses of the up- 
per chamber and the lower chamber. When the airbag 
is Inflated, the main part is disposed at the height of an 
armrest of the vehicle door, and in one aspect, the thick- 
ness of the lower chamber is greater than that of the 
upper chamber. 

[0027] In one aspect, the thickness restricting means 
is a connecting portion connecting inner surfaces of the 
airbag. 

[0028] In one aspect, the airbag includes an outer bag 
and an inner covering disposed inside the outer bag, 
and the flow restricting means is the Inner bag, and the 
flow restricting means has a connecting hole for inflation 
gas to flow to the upper chamber. 
[0029] When the airbag is inflated, the upper chamber 
is disposed at the height of the chest of the occupant, 
and the lower chamber is disposed at the height of the 
hip of the occupant. In one aspect, the lower chamber 
is disposed beside a thigh of the occupant and the side 
surface of the seating portion of the seat. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] 

Fig. 1 is a schematic diagram showing a first prior 
art side airbag device; 

Fig. 2 Is a partial schematic diagram showing a sec- 
ond prior art side airbag device; 
Fig. 3 is a side view showing a side airbag device 
according to a first embodiment of the present in- 
vention; 

Fig. 4 is a cross sectional view taken along line 4-4 
In Fig. 3; 

Fig. 5 is a cross sectional view taken along line 5-5 
in Fig. 3; 

Fig. 6 is a graph showing the pressure change of 
the upper chamber and the lower chamber during 
inflation; 

Figs. 7 A and Fig. 7B are side views showing anoth- 
er example of an airbag; 

Fig. 8 is a side view of a side airbag device accord- 
ing to a second embodiment of the present inven- 
tion; 

Fig, 9A and Fig. 9B are front views showing another 
airbag of the second embodiment in an inflated 
state; 

Fig. 10A and Fig. 10B are front views showing an- 
other airbag of the second embodiment in an inflat- 
ed state; 

Fig. 11 A and 11 B show modifications of Fig. 8;. 
Fig. 12 is a side view of an airbag device according 
to a third embodiment of the present invention; 
Fig. 13 is a cross sectional view taken along line 

13- 13 in Fig. 12; 

Fig. 14 is a cross sectional view taken along line 

14- 14 in Fig. 12; 
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Fig. 15 is a side view showing a side airbag device 
according to a fourth embodiment of the present in- 
vention in an inflated state; 
Fig. 16 Is a front view showing the side airbag de- 
vice of Fig. 15; 

Fig. 17 is a plan view showing the bottom surface 
of the airbag of Fig. 15; 

Fig. 18 Is a cross sectional view showing a lower 
portion of the airbag of Fig. 15; 
Fig. 19 Is a front view showing a prior art side airbag 
in an inflated state; 

Fig. 20 is a side view showing a seat provided with 
a side airbag device according to a fifth embodiment 
of the present invention; 

Fig. 21 is a side view showing a seat with the airbag 
in an Inflated state; 

Fig. 22 is a cross sectional view taken along line 

22- 22 in Fig. 20; 

Fig. 23 is a cross sectional view taken along line 

23- 23 in Fig. 20; 

Fig. 24 is a side view showing a seat provided with 
a side airbag device according to a sixth embodi- 
ment of the present invention; 
Fig. 25 is a cross sectional view showing a seat pro- 
vided with a side airbag device according to a sev- 
enth embodiment of the present invention; 
Fig. 26 is a partial cross sectional view showing a 
seat provided with a side airbag device according 
to an eighth embodiment of the present invention; 
Fig. 27 is a cross sectional view showing a seat pro- 
vided with a side airbag device according to a ninth 
embodiment of the present invention; 
Fig. 28 is a side view of a seat provided with the 
side airbag device according to a tenth embodiment 
of the present invention; 

Fig. 29 is a side view of a seat provided with a side 
airbag device according to an eleventh embodiment 
of the present invention; 

Fig. 30 is a cross sectional view taken along line 
30-30 in Fig. 29; 

Fig. 31 is an enlarged cross sectional view taken 
along line 31-31 line in Fig. 29; 
Fig. 32A, Fig. 32B, Fig. 32C, and Fig. 32D illustrate 
the procedures for folding the airbag; 
Fig. 33 is a side view showing an airbag device ac- 
cording to a twelfth embodiment of the present in- 
vention; 

Fig. 34 is a cross sectional view showing the airbag 
according to a thirteenth embodiment of the present 
invention; and 

Fig. 35 is a side view showing the airbag of Fig. 34 
before inflation is completed. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0031 ] A side airbag device 1 0 according to a first em- 
bodiment of the present invention for protecting an oc- 
cupant from impact applied to the side of a vehicle will 



now be discussed. 

[0032] Fig. 3 shows a seat 11 viewed from the door 
side of the vehicle. The seat 11 hasaseatlng portion 12 
and a seat back 13. As shown in Figs. 3 and 5, the side 
s airbag device 10 is embedded in the side of the seat 
back 13. 

[0033] The side airbag device 10 has an Inflator 17for 
generating inflation gas and an airbag 1 8 installed so as 
to cover the inflator 1 7. A case 1 9 of the inflator 1 7 is 

10 fixed to a frame (not shown In the drawings) of the seat 
back 13. The inflation gas for inflating the airbag 18 is 
sealed in the case 19. A plurality of gas discharge ports 
(nozzles) 20 for discharging the inflation gas are formed 
in the lower portion of the case 19. 

15 [0034] A sensor (not shown in the drawings) Is con- 
nected to the inflator 1 7 for detecting an Impact applied 
to the side of the body. When an impact greater than a 
predetermined impact is detected, a control circuit (not 
shown in the drawings) provides an activation signal to 

20 the side airbag device 1 0, The inflator 1 7 discharges in- 
flation gas into the airbag 1 8 in response to the activa- 
tion signal. This inflates and deploys the airbag 18 as 
indicated by the solid line in Fig. 3. 
[0035] The airbag 18 is formed by sewing together 

25 two pieces of base fabrics (occupant side base fabric 
23a and body side base fabric 23b) that have undergone 
a fire-retardant treatment. When the side airbag device 
1 0 is not being activated, that is, in a standby state, the 
airbag 18 is folded as indicated by the double-dashed 

30 line in Fig. 3, so as to be accommodated within the case 
19. 

[0036] As shown in Figs. 3 through 5, a generally Li- 
shaped connecting portion 24 Is formed In the central 
part of the airbag 1 8. The connecting portion 24 serves 

35 as a partitioning means, a flow restricting means, a con- 
traction suppressing means, and part of a pressure dif- 
ference setting means. The connecting portion 24 is 
formed by sewing together the occupant side base fab- 
ric 23a and the body side base fabric 23b. Accordingly, 

40 the base fabrics 23a and 23b are not separated from 
each other at the connecting portion 24 even when gas 
is supplied into the airbag 18. 

[0037] The connecting portion 24 partitions the airbag 
18 into an upper partitioned chamber (upper chamber) 

45 and a lower partitioned chamber (lower chamber) 26. 
When the airbag 18 is inflated, the upper chamber 25 is 
adjacent to the chest region Pc of an occupant P seated 
on the seat 1 1 , and the lower chamber 26 is adjacent to 
the hip region Ph of the same occupant P. 

so [0038] The connecting portion 24 has a horizontal 
section 27, or a horizontal restricting section, formed so 
as to extend from the front to the rear of the airbag 18 
when the airbag 1 8 is inflated, and afront vertical section 
28a and a rear vertical section 28b respectively formed 

55 so as to extend toward the top of the airbag 1 8 from the 
two ends of the horizontal section 27. The horizontal 
section 27 is located at a higher position than the gas 
discharge nozzle 20 of the inflator 1 7. The front vertical 
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section 28a functions as a front restricting member and 
a front partitioning section, and the rear vertical section 
28b functions as a rear restricting member and a rear 
partitioning section. The vertical sections 28a and 28b 
do not necessarily have to be vertical as long as they s 
extend in the upward direction of the airbag 1 8. Further- 
more, the horizontal section 27 does not necessarily 
have to be horizontal as long as it extends from the front 
to the rear of the airbag 18. 

[0039] Afrontpassage29 is defined between the front 10 
vertical section 28a and the front edge of the airbag 1 8. 
A rear passage 30 is defined between the rear vertical 
section 28b and the rear inner surface of the airbag 1 8. 
The front passage 29 and rear passage 30 directly con- 
nect the upper chamber 25 to the lower chamber 26. is 
The cross sectional areas of the openings formed by the 
front and rear passages 29 and 30 are gradually re- 
duced from the bottom end toward the top end. Accord- 
ingly, the front and rear passages 29 and 30 are so- 
called throttling passages. The front passage 29 and the 20 
rear passage 30 function as a connecting means and 
part of the pressure difference setting means. 
[0040] A front vent hole 31 for discharging gas is 
formed in the top of the body side base fabric 23b. it is 
preferred that the vent hole 31 be formed at a position 25 
that is farthest from the gas discharge nozzle 20 sub- 
stantially along an extension of the front passage 29. 
[0041 ] I n the upper portion of the body side base fab- 
ric 23b above the rear vertical section 28b, a variable 
vent mechanism 32 is formed to discharge gas. It is pre- 30 
f erred that the variable vent mechanism 32 be located 
substantially along an extension of the rear passage 30. 
The variable vent mechanism 32 includes a rear vent 
hole 31 and a cover fabric 33 sewn so as to cover the 
rear vent hole 31. The cover fabric 33 is sewn to the 35 
body side base fabric 23b so that ft opens the rear vent 
hole 31 when the pressure in the upper chamber 25 ex- 
ceeds a predetermined pressure. The front vent hole 31 
and the variable vent mechanism 32 operate as a 
means for maintaining the pressure in the upper cham- 40 
ber at a predetermined pressure or lower. 
[0042] As shown in Fig. 5, when the airbag 18 is in- 
flated, the horizontal section 27 is located at about the 
same height as an armrest 15a protruding inward from 
the inner side of a door 15. In other words, when the 45 
airbag 18 is Inflated, the upper chamber 25 is disposed 
above the armrest 15a, and the lower chamber 26 is dis- 
posed below the armrest 15a. The armrest 15a is ac- 
commodated in a concavity 36 defined by the upper 
chamber 25, the lower chamber 26, and the two pas- so 
sages 29 and 30. 

[0043] The operation of the side airbag device 1 0 will 
now be discussed. 

[0044] When the sensor detects an impact greater 
than the predetermined impact, the control circuit pro- 55 
vides the activation signal to the inflator 1 7. The inflator 
17 instantaneously discharges the inflation gas sealed 
in the case 1 9 from the gas discharge nozzie 20 Into the 



airbag 18 so as to inflate ,the airbag 18. 
[0045] In the airbag 1 8, the flow of the inflation gas Is 
divided into two by the horizontal section 27 and rear 
vertical section 28b. As Indicated by arrow A1 In Fig. 3, 
one flow of the inflation gas is directed toward the lower 
chamber 26 along the horizontal section 27. As indicat- 
ed by arrow A2, the other flow of the inflation gas Is di- 
rected toward the upper chamber 25 along the rear ver- 
tical section 28b. As indicated by arrow A3, part of the 
gas supplied to the lower chamber 26 flows along the 
front vertical section 28a toward the upper chamber 25. 
The gas that reaches the upper chamber 25 is dis- 
charged out of the airbag 1 8 through the vent hole 31 in 
predetermined amounts. 

[0046] Since the rear passage 30 and the front pas- 
sage 29 are throttling passages, the amount of gas flow- 
ing toward the upper chamber 25 is less than the amount 
flowing toward the lower chamber 26, the internal pres- 
sure of the lower chamber 26 is relatively high, and the 
internal pressure of the upper chamber 25 is relatively 
low. That is, an internal pressure difference occurs be- 
tween the upper chamber 25 and the lower chamber 26. 
The pressure of the upper chamber 25 and the lower 
chamber 26 changes as shown in the graph of Fig. 6. It 
is apparent from this graph that the internal pressure dif- 
ference is continuous over a predetermined period of 
time. 

[0047] As shown in Fig. 4, when a vehicle C crashes 
into the door 1 5, the Impact deforms the lower portion 
of the door 15 and compresses the lower chamber 26. 
The compression causes the gas in the lower chamber 
26 to flow through both passages 29 and 30 to the upper 
chamber 25. This prevents the internal pressure in the 
lower chamber 26 from increasing excessively. When 
the pressure in the upper chamber 25 rises and exceeds 
a predetermined pressure, the vent hole 31 of the vari- 
able vent mechanism 32 opens, and part of the gas of 
the upper chamber 25 is discharged. In this way, the in- 
ternal pressure of the upper chamber 25 Is prevented 
from becoming excessively high. 
[0048] The side airbag device 1 0 of the first embodi- 
ment has the following advantages. 

(1) The connecting portion 24 partitions the airbag 
18 Into the upper chamber 25 and the lower cham- 
ber 26 and forms the front passage 29 and the rear 
passage 30 that connect the upper chamber 25 and 
the lower chamber26. Furthermore, the connecting 
portion 24 regulates the gas flow direction such that 
the gas supplied from the inflator 17 is supplied at 
about the same time to the upper chamber 25 and 
the lower chamber 26. Therefore, the upper cham- 
ber 25 and the lower chamber 26 are inflated with- 
out any delays. Since the upper chamber 25 and 
the lower chamber 26 are connected to each other 
by the passages 29 and 30, when either one of the 
chambers 25 and 26 is compressed by an intruding 
object such that the internal pressure of the cham- 
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ber Is excessively Increased, the gas Is released In- 
to the other one of the chambers 25 and 26 through 
the passages 29 and 30. Thus, the alrbag 1 8 effec- 
tively absorbs the Impact regardless of the position 
at which the impact is applied. 

(2) The inflation gas is supplied at about the^same 
time to the upper chamber 25 and the lower cham- 
ber 26 by the connecting portion 24, which is formed 
with relative ease. Since special parts are unneces- 
sary, the side airbag device 10 has a simple struc- 
ture and is inexpensive to manufacture. 

(3) The airbag 18 has a connecting portion' 24 in- 
cluding the horizontal section 27, which extends * 5 
generally horizontally, and the front vertical section 
28a and rear vertical section 28b, which extend ver- 
tically from the horizontal section 27. Therefore, the 
gas supplied from the inflator 17 is respectively dis- 
tributed to the upper chamber 25 and the lower 20 
chamber 26 through the rear vertical section 28b 
and the horizontal section 27. Furthermore, the hor- 
izontal section 27 and the two vertical sections 28a 
and 28b guide the flow of the inflation gas smoothiy 

to the upper chamber 25 and the lower chamber 26. 25 
In this manner, the connecting portion 24 stabilizes 
the gas flow within the airbag 1 8. 

(4) Since the connecting portion 24 is U-shaped, 
gas may be retained in the part circumscribed by 30 
the occupant side base fabric 23a and the body side 
base fabric 23b. In this manner, Inadvertent fluctu- 
ation of the internal pressure of the upper chamber 

25 is prevented when the airbag 1 8 is inflated and 
deployed. & 

(5) The front and rear vertical sections 28a and 28b 
suppress vertical contraction of the inflated airbag 
18. Therefore, the airbag 1 8 effectively absorbs an 
impact because the inflated airbag 1 8 has a stable *o 
shape. 

(6) The connecting portion 24 defines the front and 
rear passages 29 and 30 so as to produce a prede- 
termined pressure difference between the upper ^ 
chamber 25 and lower chamber 26. Therefore, the 
difference in the internal pressures of the upper 
chamber 25 and the lower chamber 26 is set at a 
desired value in accordance with the shape of the 
connecting portion 24. 50 

(7) In general, desirable airbag 18 characteristics 
include a relatively strong constraining force of the 
lower chamber 26, which protects the hip region Ph 

of the occupant P, and a constraining force of the ss 
upper chamber 25, which'protects the chest region 
Pc of the occupant P and which is relatively weak 
compared to the lower chamber 26. The side airbag 



device 1 0 is set so that the internal pressure of the 
lower chamber 26 is higher than the internal pres- 
sure of the upper chamber 25 when the airbag 18 
Is fully inflated and deployed. Therefore, the airbag 
1 8 has desirable characteristics. 



(9) When, for example, the lower chamber 26 is 
compressed by an intruding object, the internal 
pressure of the lower chamber 26 is excessively in- 
creased. In this case, the gas of the lower chamber 
26 may flow through the front and rear passages 29 
and 30 into the upper chamber 25 and suddenly in- 
crease the internal pressure of the upper chamber 
25. When the internal pressure of the upper cham- 
ber 25 exceeds a predetermined pressure, the gas 
in the upper chamber 25 is discharged out of the 
variable vent mechanism 32. Therefore, the internal 
pressure of upper chamber 25 is prevented from In- 
creasing excessively. 

(1 0) The connecting portion 24 functions as the par- 
titioning means for partitioning the upper chamber 
25 and the lower chamber 26, the pressure setting 
means for setting the pressure difference between 
the upper chamber 25 and the lower chamber 26, 
the flow restricting means for restricting the direc- 
tion of the gas flowing in the airbag 18, and a con- 
traction suppressing means for suppressing vertical 
contraction of the Inflated airbag 18. Therefore, the 
airbag 1 8 is significantly simple. 

(11) The airbag 18 is formed by the occupant side 
base fabric 23a and the body side base fabric 23b. 
The connecting portion 24 is formed by connecting 
part of the two base fabrics 23a and 23b. The con- 
necting portion 24 having a plurality of functions is 
formed, for example, by the relatively simple proc- 
ess of sewing together the two base fabrics 23a and 
23b. Accordingly, the manufacturing of the airbag 
18 is simple. 

(12) The front and rear passages 29 and 30 are 
formed by the basefabrics 23a and 23b and the ver- 
tical sections 28a and 28b. Since the cross section- 
al areas of the openings at the bottom end of the 
front and rear passages 29 and 30 are larger than 
those at the top end, the internal pressure differ- 
ence between the upper chamber 25 and the lower 
chamber 26 is maintained for a relatively long time. 

(13) The connecting portion 24 has a substantially 



(8) A front vent hole 31 is arranged in the upper 
chamber 25 at a position where the gas discharge 
nozzle 20 is generally farthest from the inflator 17. 
10 Since the position of the front vent hole 31 is opti- 
mized, the inflation of the entire airbag 18 is en- 
sured. 
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U-like shape. Therefore, the front and rear passag- 
es 29 and 30 connecting the upper chamber 25 and 
the lower chamber 26 and serving as throttling pas- 
sages are easiiy manufactured. 

(14) The gas discharge nozzles 20 of the Inflator 1 7 
are disposed below the horizontal section 27. 
Therefore, the internal pressure of the lower cham- 
ber 26 is Ideally suited to be higher than the upper 
chamber 25. 

(15) The armrest 15a formed on the door 15 is ac- 
commodated in the concavity 36 of the inflated air- 
bag 18. Therefore, since the armrest 15a does not 
readily interfere with the airbag 1 8, the deployment 
of the airbag 18 Is unimpaired in the forward direc- 
tion, and the gas flow from the lower chamber 26 to 
the upper chamber 25 is unhindered. In particular, 
delay In the inflation of the airbag 1 8 in the forward 
direction and excessive pressure rise in the lower 
chamber 26 are suppressed. 

[0049] The side airbag device of the first embodiment 
may be modified as described below. 
[0050] Although the airbag 1 8 is formed by sewing to- 
gether the occupant side base fabric 23a and the body 
side base fabric 23b, the airbag 1 8 may also be formed, 
for example, from a single layer woven fabric through 
bag weaving. 

[0051 ] Although the airbag 1 8 is formed by sewing to- 
gether the occupant side base fabric 23a and the body 
side base fabric 23b, the connecting portion 24 may be 
formed by attaching together the occupant side base 
fabric 23a and the body side base fabric 23b using, for 
example, adhesion, fusion bond, or a fastener. 
[0052] Instead of the U-shape configuration, the con- 
necting portion 24 also may be formed to have, for ex- 
ample, a flexed U-shape, a V-shape, a W-shape, an L- 
shape, an inverted U-shape, an inverted flexible U- 
shape, an inverted V-shape, an inverted W-shape, an 
inverted L-shape, a horizontal U-shape, a horizontal 
flexed U-shape, a horizontal V-shape, a horizontal W- 
shape, or a horizontal L-shape. 
[0053] Furthermore, the connecting portion 24 may 
also have a horizontal T-shape, as shown In Fig. 7A. 
More specifically, the connecting portion 24 may be 
formed to include the rear vertical section 28b facing the 
inflator 17 and the horizontal section 27 connected to 
the rear vertical section 28b. In this case, the rear ver- 
tical section 28b functions as the flow restricting means, 
and the horizontal section 27 operates as the flow re- 
stricting means and the partitioning means. The upper 
chamber 25 and the lower chamber 26 are connected 
by the front passage 29 in front of the horizontal section 
27. 

[0054] Furthermore, the horizontal section 27 may be 
eliminated, as shown in Fig. 7B. In this case, the con- 
necting portion 24 is formed by the rear vertical section 



28b facing the inflator 1 7 and the front vertical section 
28a arranged in the front portion of the inflator 1 7. In this 
case, the rear vertical section 28b functions as the flow 
restricting means and part of the partitioning means, and 
s the front vertical section 28a functions as part of the par- 
titioning means. The upper chamber 25 is defined above 
the front vertical section 28a, and the lower chamber 26 
is defined belowthe front vertical section 28a. The upper 
chamber 25 and the lower chamber 26 are connected 
10 at least by the front passage 29. 

[0055] Although the airbag 18 Is divided into two 
chambers, the upper chamber 25 and the lower cham- 
ber 26, by the connecting portion 24, the airbag 1 8 may 
be vertically divided, for example, into three or more 
is chambers. 

[0056] Although the cross sectional area of the open- 
ing at the front and rear passages 29 and 30 are formed 
so as to gradually decrease from the bottom end toward 
the top end, the opening cross sectional area may, for 
20 example, decrease In a stepped manner. Alternatively, 
the opening cross sectional area may be constant. 
[0057] The vent hole 31 or the variable vent mecha- 
nism 32 may be eliminated. Further, there may be a plu- 
rality of vent holes 31 or a plurality of variable vent mech- 
25 anisms 32. 

[0058] In place of the variable vent mechanism 32, the 
sewn portion may be such that the stitches of the occu- 
pant side base fabric 23a and the body side base fabric 
23b are released when the pressure in the upper cham- 
30 ber 25 exceeds a predetermined pressure. 

[0059] Another connecting portion for restricting the 
flow direction of the Inflation gas may be formed near 
the gas discharge nozzle 20 In the airbag 18. 
[0060] A means for restricting vertical contraction of 
35 the airbag 1 8 may be provided separately from the con- 
necting portion 24. For example, the vertical contraction 
of the airbag 1 8 may be restricted by connecting the oc- 
cupant side base fabric 23a and the body side base fab- 
ric 23b with a tether or the like, such that the upper 
40 chamber 25 and the lower chamber 26 are not inflated 
to a predetermined thickness or greater during inflation. 
[0061] The airbag 1 8 also may be formed, for exam- 
ple, from a non-woven fabric, a synthetic resin film, or 
the like. 

45 [0062] In addition to being installed for the driver seat 
11, the airbag device 10 may also be installed for the 
passenger seat and rear seats, such as a second row 
seat, a third row seat, and the like. 
[0063] The second through twelfth embodiments of 

50 the present invention will now be described focusing on 
aspects that differ from the first embodiment. The first 
through twelfth embodiments may be combined with 
one another if necessary. 

[0064] First, the side airbag device 1 0 of a second em- 
*s bodiment of the present Invention is described below. 
[0065] As shown in Fig. 8, the side airbag device 10 
includes an airbag 218 having a connecting portion 24 
formed so as to be disposed along the upper body of an 
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occupant P sitting in the seat 11 when the airbag 218 is 
inflated. The connecting portion 24 restricts the thick- 
ness of the airbag 21 8 In the lateral direction of the ve- 
hicle, thus making contraction of the Inflated airbag 218 
difficult in the lengthwise direction of the connecting por- 
tion 24. 

[0066] The Inf lator 1 7 is provided In the lower portion 
of the seat back 1 3 of the seat 1 1 so as to substantially 
extend parallel to the surface of the seat back. In the 
case 1 9 of the Inf lator 1 7, discharge nozzles are formed 
to discharge inflation gas generated within the case 19 
into the airbag 218. 

[0067] The Inf lator 1 7 discharges Inflation gas upward 
In the direction indicated by arrow A1 and downward in 
the direction indicated by arrow A2. Specifically, the ar- 
row A1 is directed toward between the top end of the 
connecting portion 24 and the top edge of the airbag 
218, and the arrow A2 is directed toward between the 
bottom end of the connecting portion 24 and the bottom 
edge of the airbag 21 8. 

[0068] The side airbag device 10 of the second em- 
bodiment has the advantages described below. 

(1) The connecting portion 24 makes it difficult for 
the airbag 21 8 to contract along the longitudinal di- 
rection of the connecting portion 24. Accordingly, 
the airbag 21 8 need not be large-scaled, the dimen- 
sions of the airbag 218 can be readily ensured in a 
direction along the upper body of an occupant P, 
thereby stably maintaining precision In protecting 
the occupant P when the bag is inflated. 

(2) Since the Inflation gas is discharged between 
the top end and bottom end of the connecting por- 
tion 24 and the internal edge of the airbag 218, the 
airbag 21 8 expands smoothly. 

(3) Since the connecting portion 24 is formed so as 
to be substantially parallel to the inf lator 1 7, and 
since the inflator 1 7 discharges inflation gas upward 
in the arrow A1 direction and downward in the arrow 
A2 direction, the discharge directions of the inflation 
gas suitably avoid being directed toward the con- 
necting portion 24, and the entire airbag 21 8 is rap- 
idly inflated and deployed. 

(4) Since the inflator 1 7 is provided in the lower por- 
tion of the seat back 1 3, the lower portion of the air- 
bag 218 corresponding to the height of the hip re- 
gion Ph of the occupant P Is inflated first. 

[0069] The second embodiment also may be modified 
as described below. 

[0070] The connecting portion 24 also may be formed 
so as to release the bond of the Interior surface of the 
airbag 21 8 when the internal pressure of the airbag 218 
increases and exceeds a predetermined pressure. In 
this case, the airbag 21 8 Is Inflated, as shown in Fig. 9A, 



and the expansion is restricted in the lateral direction of 
the vehicle by the connecting portion 24. In this way, the 
airbag 21 8 expands and deploys in a narrow space be- 
tween the body side wall and the seat 1 1 , such that sat- 

s isf actory inflation is ensured. When the internal pressure 
exceeds a predetermined pressure, the restriction of the 
thickness by the connecting portion 24 is released, and 
the airbag 218 is again inflated, as shown in Fig. 9B. 
The hardness of the airbag 218 is maintained at the 

10 same degree as during initial inflation, thereby suitably 
protecting the occupant P through the Increased volume 
of the airbag 218. Accordingly, the connecting portion 
24 operates as a pressure maintaining means and a 
thickness restricting means. 

15 [0071] As shown in Fig. 10A, a separating portion 24p 
that releases the bonding of the inner surfaces of the 
airbag 218 and a connecting portion 24 that does not 
release the bonding of the inner surfaces of the airbag 
21 8 may be formed. The separating portion 24p Is pref- 

20 erably formed at a position corresponding to the height 
of the chest region Pc of the occupant P. 
[0072] The airbag 218 is inflated until the internal 
pressure reaches a predetermined pressure, as shown 
in Fig. 10A. When the internal pressure of the airbag 

25 218 exceeds a predetermined pressure, the restriction 
of the thickness by the separating portion 24p Is re- 
leased, and the restriction of the thickness by the con- 
necting portion 24 is maintained. In this way, the volume 
of the airbag 218 is enlarged, and the internal pressure 

30 of the part corresponding to the height of the chest re- 
gion Pc of the occupant P is prevented from increasing 
excessively. Since the airbag 21 8 is prevented from op- 
pressing the chest region Pc of the occupant P, the oc- 
cupant P is protected in a further preferable manner. Ac- 

35 cordingly, the connecting portion 24 operates as a thick- 
ness restricting means, and the separating portion 24p 
operates as a thickness restricting means and a pres- 
sure maintaining means. 

[0073] It is preferable that the bottom end of the inf la- 

40 tor 1 7 is at approximately the same height as the bottom 
end of the permissible range of mounting the airbag 21 8 , 
as shown in Fig. 11 A. In this way, the bottom portion of 
the airbag 21 8 corresponding to the height of the hip 
region Ph of the occupant P is inflated first with greater 

45 reliability. It is more preferable that the bottom end of the 
inflator 1 7 Is at a height approximately equal to the seat 
surface. Since the inflator 17 is provided at the lowest 
part of the seat back 13, i.e., at the height of the hip 
region Ph of the occupant P, the bottom portion of the 

so airbag 218 rapidly expands so as to become adjacent 
to the hip region Ph of the occupant P. Since the upper 
portion of the airbag 21 8 inflates to a degree allowing 
movement of the chest region Pc at the moment the low- 
er portion of the airbag 218 has inflated to a degree al- 

55 lowing movement of the hip region Ph of the occupant 
P, the airbag 21 8 simultaneously moves the chest region 
Pc and the hip region Ph of the occupant P in a direction 
away from the body 15. The length LI of the Inflator 17 
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is, for example, 1 85 mm, and the length La of the mount- 
ing range of the airbag 218 Is, for example, 500 mm. 
[0074] The inflator 1 7 of Fig. 1 1 B is fixed to the seat 
11 such that the bottom end of the inflator 17 is higher 
than the bottom end of the airbag 218 and at approxi- 
mately the same height as the seat surface 15b. in this 
case, the bottom of the airbag 218 is inflated first more 
reliably, and the airbag 218 moves the chest region Pc 
and the hip region Ph of the occupant P at about the 
same time. I 
[0075] A plurality of connecting portions 24 may also 
be formed in the airbag 21 8. ' 
[0076] The connecting portion 24 need not be formed 
so as to extend along the upper body of the occupant P. 
The shape of the connecting portion 24 is not limited 
insofar as the difference in the height of the top end and 
the height of the bottom end of the connecting portion 
24 does not exceed a predetermined value. In such a 
case, the vertical contraction of the airbag 218 is sup- 
pressed because the connecting portion 24 generates 
a contraction so as to compress the airbag 218 front-to- 
back. 

[0077] A side airbag device 10 according to a third 
embodiment of the present invention will now be de- 
scribed below with reference to Figs. 12 through 14. 
[0078] As shown in Fig. 12, the side airbag device 10 
has an inflator 1 7 and an airbag 318 equipped with the 
inflator 1 7 so as to cover the inflator 1 7. 
[0079] The case 1 9 of the inflator 1 7 is fixed to a frame 
(not shown) of the seat back 1 3 by a cover 1 6. Inflation 
gas for inflating the airbag 318 is sealed inside the in- 
flator 1 7. A plurality of gas discharge nozzles 20 for dis- 
charging the inflation gas are provided in the lower por- 
tion of the case 19. 

[0080] The airbag 318 has a doubie structure of an 
internal bag 18a for covering the inflator 17 and an ex- 
ternal bag 1 8b for covering the entire internal bag 18a. 
The internal bag 18a defines a lower chamber and an 
upper chamber is defined between the external bag 1 8b 
and the interna! bag 18a. The internal bag 18a and the 
external bag 18b each may be formed, for example, by 
machine sewing two layers of woven fabric that have 
undergone a fire-retardant treatment. 
[0081] The airbag 318 inflates and deploys between 
the inner surface of the body 1 5 and an occupant P sit- 
ting in the seat 11 . The external bag 18b is inflated so 
as to be adjacent from the chest region Pc to the hip 
region Ph of the occupant P, as indicated by the solid 
line in Fig. 12. The internal bag 18a is inflated at the 
height of the hip region Ph of the occupant P within the 
external bag 18b, as indicated by the dashed line in Fig. 
12. 

[0082] The internal bag 1 8a and the external bag 1 8b 
are housed by the cover 16 in a folded condition when 
the side airbag device 10 is in a standby state. The in- 
ternal bag 18a and the external bag 18b are connected 
by a connecting portion 22. As shown in Fig. 13, the top 
of the internal bag 1 8a operates as the connecting por- 
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tlon 22. The connecting portion 22 is. preferably formed 
in part of the interior surface of the body 15, I.e., at the 
height of the armrest 15a. 

[0083] As shown In Fig. 12, the connecting portion 22 
s is formed near the center of the airbag 31 8. in this way, 
a concavity is formed In the center of the external bag 
18b, as shown In Fig. 13. In other words, the thickness 
of the main portion of the airbag 318 is less than that at 
the upper portion and lower portion. The connecting por- 
10 tion 22 functions as part of a partitioning means and as 
a thickness restricting means. 

[0084] The vehicle side of the internal bag 1 8a has a 
connecting hole 21 connecting the inner and outer side 
of the internal bag 18a. The inflation gas is supplied 
15 through the connecting hole 21 from the internal bag 18a 
to the external bag 18b. The connecting hole 21 is a 
means for permitting gas flow between the lower cham- 
ber and the upper chamber. 

[0085] Aventhole31 forconnecting the Inner and out- 
20 er side of the external bag 1 8b is formed in the external 
bag 18b. The inflation gas is discharged from the exter- 
nal bag 18b through the vent hole 31 . 
[0086] The operation of the side airbag device 1 0 is 
described below. 
25 [0087] When an impact on the body 15 exceeding a 
predetermined impact is detected, the inflation gas is in- 
stantly discharged from the gas discharge nozzles 20 
into the airbag 31 8, and the airbag 31 8 begins to inflate. 
Specifically, first, inflation gas is supplied to the internal 
30 bag 1 8a, and the internal bag 1 8a inflates rapidly. Since 
the internal bag 18a is connected to the external bag 
1 8b by the connecting portion 22, the external bag 1 8b 
is rapidly deployed from the bottom side of the connect- 
ing portion 22 as the internal bag 18a inflates. Accord- 
35 ingiy, the lower portion of the airbag 31 9 is deployed first. 
[0088] The inflation gas within the internal bag 18a 
gradually flows through the connecting hole 21 into the 
external bag 1 8b. The Inflation gas flow rate is very low 
because the internal pressure of the internal bag 18a is 
40 low when the internal bag 1 8a starts to inflate. Then, the 
inflation gas flow rate gradually increases as the internal 
pressure of the internal bag 18a increases. In this way, 
the external bag 1 8b is inflated and deployed by the in- 
flation gas leaking from the internal bag 1 8a. According- 
45 ry, inflation gas is supplied to the external bag 1 8b after 
the lower portion of the airbag 31 8 is completely inflated. 
[0089] The inflation gas that reaches the external bag 
1 8b is expelled through the vent hole 31 . The aperture 
area of the vent hole 31 , the aperture area of the con- 
so necting hole 21 , and the amount of inflation gas dis- 
charged from the inflator 1 7 are set so as to respectively 
inflate and deploy the internal bag 1 8a and external bag 
1 8b at a desired deployment speed and internal pres- 
sure. 

55 [0090] If the body 15 is deformed by a side impact 
such that the body 15 reaches the external bag 1 8b, the 
external bag 1 Bb is compressed and moves toward the 
occupant P. In this state, the inflation gas flows through 



9 



EP 1393 998 A1 18 

bag 1 8a necting hole 21 . 



17 

the connecting hole 21 between the internal 
and the external bag 18b. 
[0091] If the body 15 is deformed such that the de- 
formed portion reaches the Internal bag 18a, the exter- 
nal bag 1 8b is pressed against the internal bag 1 8a by s 
the deformed portion. This closes the connecting hole 
21 of the Internal bag 18a with the base fabric of the 
external bag 18b, i.e., the flow controlling means and 
connecting hole blocking means. Since the flow rate of 
the inflation gas passing through the connecting hole 21 to 
Is suppressed, the inflation state of the internal bag 1 8a 
does not change much. 

[0092] The side airbag device of the third embodiment 
has the following advantages. I 

(1 ) The airbag 31 8 has a double structure including 
an Internal bag 1 8a and the external bag 1 8b. Since 
the inflation gas is supplied to the internal bag 1 8a, 
the internal bag 18a is rapidly Inflated. 

(2) When the body 1 5 is deformed and the body 1 5 
reaches the airbag 31 8, the flow of the inflation gas 
is controlled between the internal part and the ex- 
ternal part of the internal bag 18a. A large amount 



(6) Since the Internal bag 18a is connected to the 
external bag 1 8b, displacement of the bags 1 8a and 
18b is suppressed. 

(7) The connecting portion 22 is formed so as to be 
at about the same height as the armrest 1 5a when 
the airbag 318 is inflated and deployed. Further- 
more, the connecting portion 22 forms a concavity 
in the inflated airbag 31 8. The distance between the 
armrest 15a and the external bag 18b is suitably set 
in accordance with the depth of this concavity. Ac- 
cordingly, unnecessary Interference between the 
airbag 318 and the armrest 15a Is suppressed by 
the formation of the connecting portion 22, and the 
airbag 318 is inflated In a preferable manner. 

(8) The internal bag 18a is deployed at the height 
of the hip region Ph of the occupant P. This main- 
tains the airbag 31 8 in a preferable state even if the 
body 15 is deformed to the hip region Ph of the oc- 
cupant P. 



of inflation gas within the internal bag 1 8a does not 25 
leak to the external bag 18b even if the deformed 
body 15 presses the internal bag 18a. Therefore, 
the Inflation state is maintained in a preferable state 
and the shape of the rapidly inflated Internal bag 
1 8a does not change much. 30 

(3) At the moment when the body 15 is deformed 
and reaches the external bag 1 8b, the flow of Infla- 
tion gas from the inside of the internal bag 18a to 
the inside of the external bag 1 8b is ensured. When 35 
the body 1 5 is deformed and reaches the Internal 
bag 1 8a, the flow of the inflation gas is suppressed. 
Therefore, a change in the deployment state of the 
external bag 18b is permitted within a range which 
preferably protects the occupant P. Accordingly, it *o 
is possible to rapidly inflate and deploy the entire 
airbag 31 8 while preferably protecting the occupant 

P. 

(4) Since the connecting hole 21 formed in the in- *ff 
ternal bag 18a is selectively closed by the Internal 
surface of the externa! bag 1 8b, it is possible to re- 
strict the Inflation gas in the airbag 31 8 and rapidly 
inflate the airbag 318 with the relatively simple 
structure of the airbag 31 8. 50 

(5) Since the connecting hole 21 is formed in the 
base fabric in the internal bag 18a on the side near 
the inner surface of the body 15, when the body 15 

is deformed and reaches the internal bag 18a, the ss 
connecting hole 21 is closed by the internal surface 
of the external bag 1 8b. Accordingly, a special sup- 
plemental structure is not needed to close the con- 



(9) The external bag 18b has a vent hole 31 . When 
the internal pressure of the external bag 18b ex- 
ceeds a predetermined pressure, part of the infla- 
tion gas within the external bag 18b is discharged 
from the vent hole 31 . Accordingly, the internal pres- 
sure of the external bag 1 8b, which corresponds to 
the height of the chest region Pc of the occupant P, 
does not Increase excessively. However, the pres- 
sure within the internal bag 1 8a, which corresponds 
to the hip region Ph of the occupant P, is maintained 
at or above a predetermined pressure. Accordingly, 
the airbag 318 optimally protects the occupant P. 

(1 0) Since the gas discharge nozzles 20 are provid- 
ed in the lower portion of the inflator 1 7, the inflation 
gas is supplied from the inflator 1 7 to the bottom of 
the internal bag 18a. Therefore, the inflation gas 
rapidly fills the inside of the Internal bag 1 8a, which 
corresponds to the hip region Ph of the occupant P, 
and the internal bag 18a is more quickly and more 
reliably inflated and deployed. 

(11) The connecting portion 22 is formed in the up- 
per portion of the internal bag 18a. Therefore, the 
lower portion of the external bag 1 8b below the con- 
necting portion 22 is rapidly inflated as the internal 
bag 18a inflates. This completes the expansion of 
the bottom part of the airbag 318 first. Thereafter, 
inflation gas is supplied from the internal bag 1 8a 
to the external bag 1 8b through the connecting hole 
21 . Accordingly, the entire airbag 31 8 is rapidly and 
optimally inflated. 

(12) Since the margin area of the connecting hole 
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21 is rapidly deployed, the base fabrics of the bags 
1Ba and 18b are rapidly and more reliably inflated 
and closely bonded. Accordingly, the connecting 
hole 21 is optimally closed by the base fabric of the 
external bag 1 8b during the Initial inflation of the air- 
bag 318. 

[0093] The side airbag device 10 of the third embod- 
iment may be modified as described below. 
[0094] The connecting portion 22 need not have to 
serve as part of the internal airbag 1 8a. For example, a 
tether may connect the internal surface of the airbag 
18a. 

[0095] The connecting portion 22 may be formed 
above or below the connecting hole 21 . 
[0096] The connecting portion 22 need not be formed 
at the height of the armrest 15a, and the connecting por- 
tion 22 may be eliminated. 

[0097] The inflation gas need not be discharged into 
the lower portion of the internal bag 1 8a. For example, 
The inflation gas may be discharged into the upper por- 
tion of the internal bag 18a. In this case, if the connecting 
hole 21 is provided at the top part of the internal bag 
18a, the inflation gas can be rapidly supplied from the 
internal bag 1 8a to the external bag 1 8b so as to rapidly 
deploy the external bag 18b. 

[0098] The internal bag 1 8a need not be deployed at 
the height of the hip region Ph of the occupant P. For 
example, if the internal bag 18a is provided in a certain 
part within the external bag 1 8b, the specific part can be 
rapidly inflated. In this case, the deployed shape of the 
airbag 318 is suitably maintained even when the de- 
formed body 15 reaches the certain part 
[0099] The vent hole 31 may be eliminated. In this 
case, it is preferable that a separate mechanism capa- 
ble of discharging inflation gas out of the external bag 
18b be provided in the external bag 18b. 
[0100] A plurality of vent holes 31 may be formed in 
the external bag 1 8b. 

[0101] The connecting hole 21 may be closed by a 
means other than the fabric of the external bag 18b 
when the deformed body 15 reaches the internal bag 
18a. 

[0102] The connecting hole 21 need not be formed in 
the internal bag 18a so as to face the body 15. The po- 
sition of the connecting hole 21 is not limited Insofar as 
the connecting hole 21 is closable. Furthermore, a plu- 
rality of connecting holes 21 may be formed In the inter- 
nal bag 1 8a. In this case, the inflation gas of the internal 
bag 18a is rapidly supplied to the entire external bag 
18b through the plurality of connecting holes 21 such 
that the airbag 31 8 is rapidly inflated. Any amount of the 
plurality of connecting holes 21 may be kept constantly 
opened as long as the inflated internal bag 1 8a is main- 
tained In the preferred shape. i 
[0103] Another means such as a valve may be used 
instead of the connecting hole 21 as long as inflation 
gas flow is permitted between the inside of the internal 



bag 1 6a and the inside of the external bag 18b. 
[01 04] The flow of the inflation gas between the inside 
and the outside of the Internal bag 18a may be sup- 
pressed when the body 15 Is deformed reaching the ex- 
s ternal bag 1 8b. 

[0105] A plurality of internal bags 18a may be provid- 
ed within the external bag 1 8b. In this case, the connect- 
ing hole 21 of a certain internal bag 18a may be closed 
by the base fabric of an adjacent internal bag 1 8a or the 
10 base fabric of the external bag 18b. The position at 
which rapid inflation and deployment occurs within the 
entire the airbag 318 is determined in accordance with 
the position of the plurality of internal bags 18a within 
the external bag 1 8b. Accordingly, freedom of design for 
is the airbag 31 8 is enhanced. 

[0106] The inflation gas flow between the inside and 
the outside of the internal bag 18a may be suppressed 
when the body is deformed such that it reaches the in- 
ternal bag 18a. Alternatively, the Inflation gas flow be- 
20 tween the Inside and the outside of the internal bag 1 8a 
may be suppressed when the deformed body 15 reach- 
es the internal bag 18a and the amount of deformation 
of the internal bag 1 8a exceeds a predetermined range. 
In this case, the entire airbag 31 8 is more rapidly inflated 
25 and deployed to optimally protect the occupant P. 
[0107] The side airbag device 1 0 may be provided, for 
example, in the seating portion 12 of the seat 11 and In 
the side wall of the body 15. 

[0108] A side airbag device 1 0 according to a fourth' 
30 embodiment of the present invention will now be de- 
scribed. 

[01 09] As shown in Fig. 1 5, the side airbag device 1 0 
of the fourth embodiment includes an airbag 41 8 having 
a generally flat bottom portion 419. The airbag 418 is 

35 formed by sewing together two sheets of base fabrics. 
[01 10] As shown in Fig. 1 5 and Fig. 1 6, the airbag 41 8 
is inflated adjacent to the area from the chest region Pc 
to the hip region Ph of the occupant P sitting in the seat 
1 1 . In other words, the inflated airbag 41 8 has a bottom 

40 portion 41 9 at a position equal to or higherthan the seat 
surface 15b of the seat 11. 

[0111] The bottom portion 41 9 of the airbag 41 8 is de- 
scribed below. 

[0112] Fig. 17 shows the inner surface of the bottom 
** portion 41 9 of the airbag 41 8. Fig. 1 8 shows a cross sec- 
tion of the bottom portion 41 9. As shown in Figs. 1 7 and 
1 8, front and rear tucked portions (tucks) 41 8a and 41 8b 
are formed by tucking the lower portion of the airbag 
418. The tucks 418a and 418b extend in the lateral di- 
50 rection of the vehicle at the same height as the seat sur- 
face 15b of the seat 11. 

[0113] The inflated shape of the airbag 418, i.e., the 
shape extending in a direction parallel to the seat sur- 
face 15b, is restricted by a sewing seam 418c forming 
» the tucks 418a and 418b. The bottom portion 419 is 
formed between the tucks 41 8a and 41 8b with a prede- 
termined area so that it widens parallel to the seat sur- 
face. The bottom portion 41 9 may be slightly curved. 
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[0114] The operation of the side airbag device 10 is 
described below. 

[01 1 5] When the Impact sensor detects an Impact ex- 
ceeding a predetermined Impact, a control circuit pro- 
vides an activation signal to the inflator 17. The Inflator 
1 7 discharges inflation gas to the airbag 41 8 in response 
to the activation signal. The airbag 418 is instantly in- 
flated by the Inflation gas. After inflation of the airbag 
418, the bottom portion 419 is disposed approximately 
at the same height as the seat surface 15b of the seat 
1 1 and substantially parallel to the seat surface 1 5b. Ac- 
cordingly, the thickness W of the airbag 41 8 is adequate- 
ly ensured even at the height of the seat surface 15b. 
[01 1 6] The side airbag device 1 0 of the fourth embod- 
iment has the following advantages. 

(1) In the conventional airbag 113 simply formed by 
sewing together two sheets of fabrics in a planar 
manner, as shown in Fig. 19, the width W of the 
airbag 1 1 3 is small at the height of the seat surface 
15b. In contrast, the airbag 418 of the fourth em- 
bodiment has a bottom portion 41 9 disposed at sub- 
stantially the same height as the seat surface 15b 
of the seat 11 when the airbag 418 is deployed. 
Therefore, the thickness of the airbag 41 8 In the lat- 
eral direction of the vehicle at the height of the seat 
surface 15b is increased, and the width W of the 
airbag 41 8 adjacent to the hip region Ph of the oc- 
cupant P is Increased compared to the prior art. Ac- 
cordingly, the occupant P is more optimally protect- 
ed. 

(2) The airbag 418 has a bottom portion 419, which 
widens approximately parallel to the seat surface 
15b of the seat 11 when inflated. The occupant P is 
optimally protected because the thickness W of the 
airbag 418 provides adequate protection over a rel- 
atively wide range in the vicinity of the seat surface 
1 5b of the seat 1 1 . Since the bottom portion 41 9 sits 
on the seat surface 15b even when the airbag 418 
is in contact with the seat surface 15b, a predeter- 
mined thickness of the deployed airbag 418 is en- 
sured. 

(3) The airbag 41 8 is tacked along a plane substan- 
tially parallel to the seat surface 15b of the seat 11 
in the generally lateral direction of the vehicle. The 
bottom portion 419 extending in a direction parallel 
to the seat surface 15b Is formed by the sewing 
seam 41 8c. The bottom portion 41 9 inflates the air- 
bag 418 with the preferred shape. 

(4) The bottom portion 41 9 interposed between the 
front tuck 418a, rear tuck 418b, and the sewing 
seam 41 8c Is formed by providing the sewing seam 
41 8c at two locations on the airbag 41 8. Since the 
dimensions (surface area) of the bottom portion 41 9 
is restricted by the sewing seam 41 8c, suitable pro- 
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tection of the hip region Ph of the occupant P Is pro- 
vided over a wider range. Furthermore, the thick- 
ness of the airbag 41 8 is suitably adapted to match 
the type of vehicle. 

(5) since the tucking process is an easy and simple 
procedure, the airbag 41 8 provided with the bottom 
portion 419 is readily manufactured. 

(6) Since the bottom portion 41 9 is disposed at sub- 
stantially the same height as the seat surface 15b 
of the seat 11 when the airbag 418 is inflated, the 
entire airbag 418 is disposed above the seat sur- 
face 15b. Therefore, the airbag 418 is rapidly and 
reliably deployed to a desired deployment shape 
without being interfered with by the seat 11 . 



[Q117] The fourth embodiment may be modified as 
described below. 
20 [0118] Wnen *e airbag 418 is inflated, the bottom 
portion 419 need not be at substantially the same height 
as the seat surface 15b of the seat 11 and may be po- 
sitioned slightly higher than the seat surface 1 5b. In this 
case, the hip region Ph of the occupant P is also opti- 
cs mally protected. 

[0119] Although the bottom portion 419 inflates so as 
to be wider substantially parallel to the seat surface 1 5b 
of the seat 11 , it is not limited to this arrangement. The 
inflated shape of the bottom portion 419 may be modl- 
30 fled as long as it provides optimal protection for the oc- 
cupant P. 

[0120] Although the tucking process is performed at 
two locations on the ends of the airbag 41 8 at the lower 
side of the vehicle, the process may be performed at a 
35 single location. A predetermined thickness of the airbag 
41 8 in the lateral direction of the vehicle can be ensured 
at the area of the tuck and near the area of the tuck by 
means of this structure. 

[0121] The tucking process, which extends the sew- 
40 ing seam 418c in the lateral direction of the vehicle, is 
performed at two locations on the airbag 41 8 in the lon- 
gitudinal direction of the vehicle at the lower side of the 
vehicle. Alternatively, the tucking process, which ex- 
tends the sewing seam 41 8c in the lateral direction of 
45 the vehicle, may be performed at one location of the air- 
bag 41 8 in the lateral direction of the vehicle. The bottom 
portion 41 9 may be formed In the area between the tuck- 
processed portions to obtain the advantages of the 
fourth embodiment. 
so pi 22] The tucking process also may be performed at 
three or more places on the bottom part of the airbag 
418. 

[0123] In the fourth embodiment, the base fabric is 
subjected to the tucking process such that the tucks 
55 41 8a and 41 8b protrude into the airbag 41 8. Alternative- 
ly, the tucking process may be performed such that the 
base fabric is tucked so that the tucks 418a and 418b 
protrude outside the airbag 418. In this case, it is desir- 



12 



23 



EP 1 393 998 A1 



24 



able that the end of the tucks 418a and 418b are sewn 
to the base fabric of the airbag 41 6. 
[01 24] Although the airbag 41 8 is subjected to a tuck- 
ing process In the fourth embodiment, the embodiment 
Is not limited to this process; for example, a suitable 
processing method may be used such as pinching and 
adhering the inner side of the airbag 418. Essentially, 
the process may be suitably modified insofar as a pre- 
determined thickness of the airbag 418 is ensured in a 
shape suitable for an occupant. 
[0125J Although the bottom portion 41 9 Is formed by 
subjecting the airbag 418 to a tucking process in the 
fourth embodiment, the embodiment is not limited to this 
process. For example, the bottom portion 419 may be 
formed by cutting out the base fabric of the airbag 418 
three-dimensionaliy beforehand, three-dimensional 
machine sewing and the like, without using a tucking 
process. 

[0126] The bottom portion 41 9 also may be formed by 
providing a separate base fabric to form the bottom por- 
tion 419. 

[01 27] A side airbag device 1 0 according to a fifth em- 
bodiment of the present invention and a seat 11 are de- 
scribed below. 

[0128] Figs. 20 and 21 show a seat 11 viewed from 
the door side of the vehicle. The seat 1 1 has a reclining 
mechanism for adjusting the angle of the seat back 13 
relative to the seating portion 12. The reclining mecha- 
nism is covered by a reclining cover 13a. The seat 11 
need not have the reclining mechanism and reclining 
cover 13a, and may be formed with an integrated seat 
back 13 and headrest 14. 

[0129] As shown in Fig. 22, the trim cover 515 cover- 
ing the seat back 13 may be, for example, leather, syn- 
thetic leather, monolayer fabric material, or a laminate 
material formed by one or more layers of a monolayer 
material, wadding, backing material and the like. The 
trim cover 515, in its entirety, is not limited to being con- 
structed from a monolayer material or laminate material, 
and may be constructed in part by a monolayer material, 
and in part by a laminate material. 
[0130] The trim cover 515 has a front cover 515a for 
covering the central portion 13b of the'front side of the 
seat back 13, a shoulder cover 515b for covering the 
shoulder portions 1 3c on each side of the central portion 
1 3b, and a back cover 51 5c for covering the rear surface 
and side surfaces of the seat back 13. The trim cover 
515 is formed by sewing the front cover 51 5a, shoulder 
covers 515b, and back cover 5 15c, The front cover 5 15a 
and the shoulder covers 515b may be formed of a single 
cover material, and the covers 515a through 515c may 
be a plurality of cover materials. 
[0131] As shown in Figs. 20 through 23, the side air- 
bag device 10 is built into the seat back 13 and is oper- 
ated when there is an impact exceeding a predeter- 
mined impact on the side of the vehicle. As shown in 
Fig. 23, the side airbag device 10 is embedded In the 
side of the seat back 13 near the inside surface of the 



vehicle body, such as in the door 15. 
[01 32] The side airbag device 1 0 has an inflator 1 7 for 
supplying inflation gas, an airbag 51 8 installed In the in- 
flator 1 7 so as to cover the inflator 1 7, and a main solid 
s body, i.e., case 19, for accommodating the inflator 17 
and the airbag 518. 

[01 33] The case 1 9 is fixed to a side plate 1 5c, which 
is part of the frame of the seat back 1 3, using, for exam- 
ple, a bolt and nut (not shown). A case cover 34, which 

10 is moved from a closed position to an open position dur- 
ing operation of the side airbag device 10, is connected 
to the case 19 by, for example, a hinge 35. Inflation gas 
for Inflating the airbag 518 is sealed in the inside of the 
Inflator 17. The inflator 17 has a gas discharge nozzle 

is 20 for discharging the inflation gas into the airbag 51 8. 
[0134] An Impact sensor (not shown in the drawing) 
for outputting a signal when an impact exceeding a pre- 
determined impact is applied to the body and a control 
circuit (not shown in the drawing) for supplying an acti- 

20 vation signal to the side airbag device 1 0 in response to 
the signal of the impact sensor are disposed in the ve- 
hicle. The inflator 17 supplies inflation gas through the 
gas discharge nozzle 20 into the airbag 51 8 in response 
to the activation signal. 

25 [0135] The airbag 51 8 is formed by machine sewing 
two sheets of fabrics (occupant side base fabric 23a and 
body side base fabric 23b), such as woven fabrics sub- 
jected to fire-retardant processing. The airbag 51 8 is in- 
flated and deployed as indicated by the solid line in Fig. 

30 22. The airbag 51 8 is folded and accommodated within 
the case 19, as indicated by the dashed line in Fig. 21 
when the side airbag device 10 is In a standby state. 
During the operation of the side airbag device 10, the 
airbag 518 inflates as part of the seam 51 7 of the shoul- 

35 der cover 515b and back cover 515c of the trim cover 
515 breaks so as to be deployed with the rounded shape 
between the door 15 and the seat 11 , as shown in Fig. 
23. 

[01 36] The airbag 51 8 has an upper portion 38, a low- 

^0 er portion 39, and a main portion 37 between the upper 
and lower portions 38 and 39, as shown in Figs. 21 , 22, 
and 23. When the airbag 51 8 is inflated, the main portion 
37 is adjacent to the abdominal region of the occupant 
P seated in the seat 1 1 , the upper portion 38 is adjacent 

45 to the chest region Pc, and the lower portion 39 is adja- 
cent to the hip region Ph. When an impact exceeding a 
predetermined impact is applied to the side of the body 
of the vehicle, the hip region Ph of the occupant P is 
protected by the lower portion 39. 

so [0137] As shown in Fig. 21 , a vent hole 31 is formed 
in the body side base fabric 23b In the upper portion 38. 
The vent hole 31 discharges the inflation gas within the 
airbag 518 continuously in predetermined amounts. 
[0138] As shown in Fig. 22, an initial breaking mech- 

55 anism 50 is provided at a relatively low position in the 
side of the seat back 13, specifically, at a height corre- 
sponding to the hip region Ph of the occupant P. The 
initial breaking mechanism 50 easily breaks part of the 
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seam 517 of the seat back 13 when the inflation and 
deployment of the airbag 518 begins such that the air- 
bag 518 deploys easily. 

[0139] The Initial breaking mechanism 50 Includes in 
the seat back 13 a main connector body, i.e., a band- 
like strength fabric 51 , for connecting the side plate 15c 
and part of the trim cover 515 corresponding to the hip 
region Ph of the occupant P, The strength fabric 51 is a 
woven fabric or unwoven fabric made from natural, re- 
cycled (semi-synthetic), or synthetic fiber, which does 
not stretch even when it is subjected to tension gener- 
ated by the expansion of the airbag 518. Examples of 
desirable materials for the strength fabric 51 Include 
polyamide fiber (6-nylon, 6,6-nylon, 4,6-nylon and the 
like), aromatic polyamide fiber, polyester fiber, acrylic 
fiber, vinylon fiber, polyolefin fiber, wool fiber, cotton fib- 
er, hemp fiber, and collagen fiber. 
[0140] As shown in Fig. 22, the front end 51a of the 
strength fabric 51 is sewn at the front end of the back 
cover 515c, i.e., in the seam margin of the seam 517. 
Furthermore, the rear end 51b of the strength fabric 51 
is connected to a buckie 52. The rear end 51b of the 
strength fabric 51 Is connected to the side plate 15c by 
the engagement of a stopper 53 formed on the buckle 
52 with the side plate 15c. The rear end 51b of the 
strength fabric 51 is connected to the side plate 1 5c. The 
strength fabric 51 is interposed between the case cover 
34 and the back cover 515c. As shown in Fig. 20, the 
buckle 52 Is fixed to the side plate 15c, such that the 
strength fabric 51 intersects the lengthwise axis of the 
case 19. 

[0141] As shown in Fig. 23, a connecting portion 24 
Is formed in the main portion 37 of the airbag 518 at 
substantially the same height as the armrest 15a of the 
door 15. The connecting portion 24 is formed by stitch- 
ing the base fabric 23a and 23b in a V-shape such that 
the inner surface of the base fabrics 23a and 23b are 
joined. The inner surface of the base fabrics 23a and 
23b in the connecting portion 24 are not separated even 
when the inflation gas is supplied from the inflator 17 
into the airbag 518. 

[01 42] The inside of the airbag 51 8 is divided into an 
upper chamber 25 and a lower chamber 26 by the con- 
necting portion 24. The upper chamber 25 and the tower 
chamber 26 are connected by the passages 29 and 30 
formed inside the airbag 518 in the front side and the 
rear side of the vehicle. 

[0143] As shown in Figs. 20 and 21 , during the oper- 
ation of the side airbag device 10 in which the gas dis- 
charge nozzle 20 is formed in the bottom part of the in- 
flator 1 7, the flow of the inflation gas from the inflator 1 7 
is deflected toward the bottom edge, i.e., the lower por- 
tion 39, of the airbag 518 by the connecting portion 24. 
[0144] When the impact sensor detects an impactthat 
exceeds a predetermined impact applied to the body of 
the vehicle, the side airbag device 10 activates the in- 
flator 17 in response to an activation signal supplied 
from the control circuit. As indicated by arrow A in Fig. 



21, the inflator. 17 instantaneously discharges Inflation 
gas from the gas discharge nozzle 20 toward the lower 
portion 39 of the airbag 518. The airbag 518 is Inflated 
and deployed in the state described below by means of 

5 this discharge of the Inflation gas. 

[0145] First, the lower portion 39 of the airbag 518 is 
inflated a certain degree within the case 19. The case 
cover 34 is turned about the hinge 35 by the initial ex- 
pansion of the airbag 51 8. A tension is gradually exerted 

10 on the strength fabric 51 by the turning of the case cover 
34. 

[0146] The stress based on the expansion of the air- 
bag 518 is concentrated on the seam 517 of the trim 
cover 51 5. In this way, the seam 51 7 begins to break at 

15 the connection with the front end 51 a of the strength fab- 
ric 51 . The lower portion 39 of the deploying airbag 51 8 
is deployed from the location of this break to the outside 
of the seat 11 (in the passenger compartment). 
[0147] Since the front end 51 a of the strength fabric 

20 51 moves upward in a diagonally rear direction as the 
airbag 51 8 inflates, the break in the seam 51 7 advances 
up to a height corresponding to the abdominal region 
and chest region Pc of the occupant P. The inflation of 
the airbag 518 proceeds through the location of the en- 

25 larged break in the seam 51 7, and ultimately the airbag 
518 Is Inflated in the state shown in Fig. 21 . Thereafter, 
the inflation gas continues to be supplied from the infla- 
tor 17. 

[0148] The inflation gas that has Inflated the upper 
30 chamber 25 of the airbag 51 8 is discharged in predeter- 
mined amounts out of the airbag 518 through the vent 
hole 31 . In this way, the pressure inside the airbag 518 
Is controlled so as to not exceed a predetermined pres- 
sure. Furthermore, the hardness of the airbag 51 8 is ad- 
35 justed to decelerate and receive the occupant P intrud- 
ing into the airbag 51 8 by means of discharge from the 
vent hole 31 . 

[0149] The side airbag device 1 0 of the fifth embodi- 
ment has the advantages described below. 

40 

(1) The side plate 15c of the seat back 13 is con- 
nected with the seam margin of the seam 51 7 of the 
trim cover 515 at the height of the hip region Ph of 
the occupant P by the strength fabric 51 made of a 

45 non-stretchable material. In this way, the part of the 
seam 51 7 corresponding to the hip region Ph of the 
occupant P is broken at the beginning of the inflation 
and deployment of the airbag 518. The lower por- 
tion 39 of the airbag 51 8 is rapidly deployed from 

so the initially broken part. Furthermore, the band-like 
strength fabric 51 does not enlarge the seat 11 . 

(2) The flow of the inflation gas from the inflator 17 
is deflected toward the lower chamber 26 by the 

ss connecting portion 24 provided within the airbag 
518. Furthermore, since the gas discharge nozzle 
20 is provided in the bottom part of the inflator 17, 
the Inflation gas is discharged toward the lower 
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chamber 26, and the airbag 518 begins to expand 
from the lower chamber 26. Since the Inflation gas 
Is rapidly supplied to the lower chamber 26, high- 
pressure Inflation gas Is concentrated in the lower 
chamber 26 at the start of expansion of the airbag 5 
51 8, thereby concentrating a large force on the part 
of the seam 51 7 of the trim cover 51 5 corresponding 
to the hip region Ph of the occupant P, such that the 
seam 51 7 readily breaks. 

to 

(3) The flow of the inflation gas is deflected from the 
inflator 17 to the lower portion 39 with a relatively 
simple structure in which the connecting portion 24 
is formed by mutually joining the pair of base fabrics 
23a and 23b. 15 

(4) The connecting portion 24 divides the inside of 
the airbag 518 into the upper chamber 25 and the 
lower chamber 26. During initial inflation, inflation 
gas is supplied only to the lower chamber 26 occu- 20 
pying only part of the capacity of the airbag 518. 
Therefore, the pressure of the lower chamber 26 
rapidly increases compared to when the inflation 
gas is supplied to the entire airbag 518, the part of 
the trim cover 515 corresponding to the hip region 25 
Ph of the occupant P is readily broken, and the air- 
bag 518 is quickly inflated. 



the back cover 51 5c. 

[01 54] The side airbag device 1 0 of the sixth embod- 
iment has the following advantages. 

(1 ) The seam 51 7 breaks at a portion corresponding 
to the hip region Ph and the chest region Pc of the 
occupant P during initial Inflation and deployment 
of the airbag 51 8. In this way, the entire airbag 51 8 
propels from the seat 1 1 at an early stage, the lower 
portion 39 is rapidly deployed adjacent to the hip 
region Ph of the occupant P, and the upper portion 
38 is rapidly deployed adjacent to the chest region 
Pc of the occupant P. 

[0155] A seventh embodiment of the present inven- 
tion is described below with reference to Fig. 25. 
[0156] The side airbag device 10 of the seventh em- 
bodiment is provided with the strength fabric 51 and the 
supplemental strength fabric 55. The length of the 
strength fabric 51 and the supplemental strength fabric 
55 are set such that the strength fabric 51 attains an 
inflated state before the supplemental strength fabric 55 
during Initial expansion of the airbag 51 8. Specifically, 
slack in the supplemental strength fabric 55 is greater 
than that of the strength fabric 51 . 
[01 57] The side airbag device of the seventh embod- 
iment provides the following advantages. 



(5) The inflation gas is easily deflected to the lower 
chamber 26 by the V-shaped connecting portion 24. 30 

[01 50] A sixth embodiment of the present Invention is 
described below with reference to Fig. 24. 
[0151] As shown in Fig. 24, the side airbag device 10 
is provided with a supplemental connector, i.e., a sup- 35 
plemental strength fabric 55, in addition to the strength 
fabric 51. The supplemental strength fabric 55 is con- 
nected to the seam 517 at a height different than the 
height of the hip region Ph of the occupant P, e.g., at the 
height of the chest region Pc of the occupant P. 40 
[0152] The supplemental strength fabric 55 is a wo- 
ven fabric or unwoven fabric made from natural, recy- 
cled (semi-synthetic), or synthetic fiber, which does not 
stretch even when it is subjected to tension generated 
by the expansion of the airbag 518. Examples of desir- 45 
able materials for the strength fabric 51 Include polya- 
mide fiber (6-nylon, 6,6-nylon, 4,6-nylon and the like), 
aromatic polyamide fiber, polyester fiber, acrylic fiber, 
vinylon fiber, polyolefin fiber, wool fiber, cotton fiber, 
hemp fiber, and collagen fiber. so 
[01 53] The front end 55a of the supplemental strength 
fabric 55 is sewn to the margin of the seam 517 of the. 
trim cover 515. The rear end 55b of the supplemental 
strength fabric 55 is connected to a buckle 56. The rear 
end 55b of the supplemental strength fabric 55 is con- ss 
nected to the side plate 15c by the engagement of the 
buckle 56 with the side plate 15c. The supplemental 
strength fabric 55 is arranged between the case 1 9 and 



(1) During the initial inflation of the airbag 518, first 
the strength fabric 51 is inflated, then the supple- 
mental strength fabric 55 is inflated. In this way, 
stress is focused on the seam 517 at the height of 
the hip region Ph of the occupant P, and this part 
breaks first. Then, stress is focused on the seam 
517 at the height of the chest region Pc of the oc- 
cupant P, and this part breaks. Therefore, the entire 
the inflation range of the airbag 51 8 in the trim cover 
515 breaks at an early stage. Accordingly, the entire 
airbag 518 is more optimally inflated and deployed, 
and the occupant P is more optimally protected. 

[0158] A side airbag device 1 0 according to an eighth 
embodiment of the present invention is described below. 
[01 59] As shown in Fig. 26, the side airbag device 1 0 
of the eighth embodiment is not provided with the 
strength fabric 51 and the supplemental strength fabric 
55. The side airbag device 1 0 is alternatively provided 
with a low strength seam 57, i.e., an initial break mech- 
anism, set such that the seam strength of the seam 51 7 
at the height of the hip region Ph of the occupant P is 
lower than the seam strength of other parts of the seam. 
Specifically, the stitch pitch P1 of the low strength seam 
57 is greater than the stitch pitch P2 of other parts of the 
seam, i.e., non-low strength seam 57 parts. 
[01 60] The side airbag device 1 0 of the eighth embod- 
iment has the following advantages. 

(1 ) The stitching of the low strength seam 57 is re- 
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leased by the stress of the initial expansion of the 
airbag 518, and a break starts from the seam 517 
at the height of the hip region Ph of the occupant P. 
Therefore, the lower portion 39 of the airbag 518 
can be rapidly inflated and deployed by a simple 
structure without providing special parts or devices. 

[0161] A ninth embodiment of the present invention is 
described below with reference to Fig. 27. 
[0162] In the ninth embodiment, the trim cover 515 
(shoulder cover 515b and back cover 515c) of the part 
corresponding to the hip region Ph of an occupant P is 
formed from a nonstretchable cover material 58. There- 
fore, when a tension is exerted upon the trim cover 515, 
the tension is focused on the seam 517 at the part cor- 
responding to the hip region Ph of the occupant P. Ac- 
cordingly, the lower portion 39 of the airbag 518 can be 
rapidly inflated and deployed by a simple structure with- 
out providing special parts or devices. 
[0163] The fifth through ninth embodiments may be 
modified as described below. 

[0164] In the sixth and seventh embodiments, the 
front end 55a of the supplemental strength fabric 55 also 
may be a part of the trim cover 515 other than the part 
corresponding to the chest region Pc of the occupant P, 
for example, a part corresponding to the height of the 
abdominal region of the occupant P. Furthermore, the 
front end 55a of the supplemental strength fabric 55 may 
be provided, for example, at the front side of the vehicle 
on the shoulder portion 13c of the seat back 13. A plu- 
rality of supplemental strength fabrics 55 also may be 
provided. 

[0165] In the fifth through seventh embodiments, the 
strength fabric 51 and the supplemental strength fabric 
55 are not limited to a band, and may be, for example, 
a string or the like. The strength fabrics 51 and 55 also 
may be formed using woven fabric and unwoven fabric 
made of materials other than the previously listed ma- 
terials. 

[0166] The fabric forming the main connection body 
and supplemental connection body is not limited as long 
as it does not stretch when acted upon by a pulling force 
generated by the expansion of the airbag 518, and the 
material of these connection bodies may be optionally 
selected, for example, metal, paper and the like, as long 
as it resists the pulling force generated during the ex- 
pansion of the airbag 518. 

[0167] In the fifth through seventh embodiments, at 
least one among the buckle 52 provided on the rear end 
51 b of the strength fabric 51 and the buckle 56 provided 
on the rear end 55b of the supplemental strength fabric 
55 may be connected to a fixed body attached to the 
case cover 34, or case 19, or exclusive of these to the 
frame of the seat back 1 3. 

[0168] In the fifth through seventh embodiments, at 
least one among the strength fabric 51 and the supple- 
mental strength fabric 55 may be provided at a position 
on the inner side of the vehicle relative to the deployed 



airbag 518, for example, so as to connect the margin of 
the seam 51 7 at the shou Ider cover 51 5b of the trim cov- 
er 515, and part of the side plate 15c on the front side 
of the vehicle. Furthermore, at least one among the 
5 strength fabric 51 and the supplemental strength fabric 
55 may be provided at positions both on the inner side 
and outer side of the vehicle relative to the deployed 
airbag 518. 

[0169] Furthermore, the inner side and the outer side 

10 of the fabric may be Integrally formed. In such a case, 
the frame of the seat back 13 and the trim cover 515 
may be connected without using a buckle. That Is, for 
example, one end of the strength fabric may be stitched 
to the margin of the seam 517 on the shoulder cover 

15 515b, and the other end may be stitched to the margin 
of the seam 51 7 on the back cover 51 5c, such that the 
center part of the strength fabric is hooked to frame of 
the seat back 1 3 or to a solid body attached to the frame. 
[0170] In the fifth through seventh embodiments, the 

20 strength fabrics 51 and 55 may be made using, for ex- 
ample, a two-layer fabric so as to integrally form part of 
the strength fabric 51 and 55. A plurality of strength fab- 
rics 51 and 55 may be connected to the same buckle. 
[0171] As an alternative to stitching the front end 51 a 

25 of the strength fabric 51 and the front end 55a of the 
supplemental strength fabric 55 to the margin of the 
seam 517, these front ends may be connected using, 
for example, an optional method of adhesion, fusion 
bond, binding and the like. 

30 [0172] Thebackcover51 5c also may be, for example, 
elongated and.band-like, such that the back cover 515c 
is Integrated with the strength fabric 51 and/or the sup- 
plemental strength fabric 55. In this case, it is desirable 
that the band-like part of the trim cover 51 5 be made of 

35 a nonstretchable cover material. 

[01 73] The low strength seam 57 of the eighth embod- 
iment also may be formed by stitching the trim cover 51 5 
using a relatively low tension strength thread. Further- 
more, if the trim cover 51 5 Is stitched using weak thread 

40 at a coarse pitch, the airbag 51 8 will readily expand from 
the low strength seam 57. 

[0174] In the ninth embodiment, the nonstretchable 
cover material 58 also may be provided at a part of the 
shoulder cover 515b of the trim cover 515 correspond- 
45 ing to the height of the hip region Ph of the occupant P, 
and a part of the back cover 515c corresponding to the 
height of the hip region Ph of the occupant P on the front 
side of the vehicle. 

[0175] A plurality of types of initial breaking mecha- 
50 nisms may be combined. For example, the strength fab- 
ric 51 and the low strength seam 57 may be optionally 
combined with the nonstretchable cover material 58. In 
this case, the lower portion 39 of the airbag 518 is in- 
flated and deployed even more rapidly. 
55 [0176] Instead of using the connecting portion 24, for 
example, a tube body which is bendable with the airbag 
518 may be disposed within the airbag 518. The tube 
body may be formed, for example, of a fabric material 
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Identical to that of the base fabrics 23a and 23b. In this 
case, the inflation gas is supplied to the lower chamber 
26 of the airbag 51 8 through the inside of the tube body. 
[0177] The part that begins to break first during the 
expansion and deployment of the airbag 51 8 Is not lim- 5 
ited to the seam 51 7 of the shoulder cover 5 1 5b and the 
back cover 515c, and is optional. For example, a place 
other than the seam 51 7 also may break first. 
[0178] The case cover 34 may be omitted. In this 
case, the airbag 51 8 accommodated in the case 1 9 may 10 
be covered by the trim cover 51 5 of the seat back 1 3. 
[0179] The case 19 of the side airbag device 10 also 
may be eliminated. In this case, the Inflator 17 may be 
mounted on part of the frame of the seat 11, or on a 
cushion member inside the seat 11 . 15 
[0180] The trim cover 515 may also be formed inte- 
grally with a cover covering part of or the entire seating 
portion 12 of the seat 11. 

[01 81 ] If the seat 11 is provided with at least a seating 
portion 12 and a seat back 13, it may also be provided 20 
with, for example, an armrest. 

[01 82] A side airbag device 1 0 of a tenth embodiment 
is described below. 

[0183] As shown in Fig. 28, the side airbag device 1 0 
includes an airbag 618 having a U-shaped connecting 25 
portion 24 and an infiator 1 7 fixed to the side plate 1 5c 
forming part of the frame of the seat 11 . The connecting 
portion 24 includes a horizontal section 27 and front and 
rear vertical sections 28a and 28b respectively extend- 
ing in a vertical direction from the two ends of the hori- 30 
zontal section 27. The upper portions of the front vertical 
section 28a and the rear vertical section 28b define the 
lower chamber 26, and the lower portion of the horizon- 
tal section 27 defines the lower chamber 26. When the 
airbag 618 is inflated, the rear vertical section 28b is dis- 35 
posed so as to face the inflator 1 7, a rear passage 30 is 
defined between the rear vertical section 28b and the 
infiator 17, and a front passage 29 is defined between 
the front vertical section 28a and the front edge of the 
airbag 618. 40 
[0184] Specifically, when the side airbag device 10 
operates, the seam 51 7 of the shoulder cover 51 5b and 
the back cover 1 51 c is broken by the inflation of the air- 
bag 618. The airbag 618 is inflated by the breaking of 
the seam 5 1 7. When the airbag 6 1 8 is completely inf lat- 45 
ed, the rear vertical section 28b of the connecting por- 
tion 24 is disposed to the front of the seat back 1 3, spe- 
cifically to the front of the seam 517. However, the dis- 
tance between the rearmost end of the rear vertical sec- 
tion 28b and the inflator 17 is the total of the distance so 
between the seam 51 7 and the inflator 1 7 and the dis- 
tance between the rearmost end of the rear vertical sec- 
tion 28b and the inflator 1 7. The distance Y between the 
seam 517 and the infiator 17 is, for example, 135 mm. 
It Is desirable that the distance X between the rearmost ss 
end of the rear vertical section 28b and the inflator 17 
be 25 mm or greater. 

[01 85] The following advantages are obtained by hav- 



a large distance between the connecting portion 24 
I the inflator 17. 

(1) With the airbag 618 in a folded state, inflation 
gas is discharged from the inflator 17. The dis- 
charged inflation gas impinges the connecting por- 
tion 24 and first inflates the part (rear passage 30) 
between the inflator 17 and the connecting portion 
24. Since the connecting portion 24 is formed rela- 
tively forward of the airbag 618, the connecting por- 
tion 24 is pressed forward by the inflation gas. In 
this way, the seam 51 7 is easily broken by the infla- 
tion of the airbag 61 8 at the start of operation of the 
side airbag device 10. Accordingly, the airbag 618 
completes deployment at an early stage. 

(2) Due to the relatively large rear passage 30, the 
inflation gas flows rapidly within the airbag 61 8 after 
the seam 517 has broken. As a result, the deploy- 
ment of the airbag 618 is completed at an early 
stage. 

[0186] The side airbag device 10 of an eleventh em- 
bodiment of the present invention is described below. 
[0187] An airbag 71 8 is folded and accommodated in 
the case 19, as indicated by the dashed line In Fig. 29. 
The deployed airbag 718 has an upper portion 38, a low- 
er portion 39, and a main portion 37 between the upper 
portion 38 and the lower portion 39. When the airbag 
718 is deployed, the main portion 37 is adjacent to the 
abdominal region of the occupant P sitting in the seat 
1 1 , the upper portion 38 is adjacent to the chest region 
Pc, and the lower portion 39 is adjacent to the hip region 
Ph. 

[0188] The airbag 71 8 has a flow restricting means, i. 
e., a connecting portion 24, at the height of the armrest 
15a of the door 15 (refer to Figs. 30 and 31). The con- 
necting portion 24 is formed by V-shaped stitching of the 
two layers of the base fabrics 23a and 23b. The two lay- 
ers of the base fabrics 23a and 23b are mutually insep- 
arable in the connecting portion 24 even under inflation 
of the airbag 718. The connecting portion 24 restricts 
the flow of the inflation gas from the inflator 1 7 toward 
the lower portion 39 and divides the inside of the airbag 
718 Into an upper chamber 25 and a lower chamber 26: 
[0189] The airbag 718 has a front passage 29 con- 
necting the upper chamber 25 and the lower chamber 
26 at the front end of the connecting portion 24. A vent 
hole 31 Is formed in the upper portion 38 of the airbag 
718, specifically in the front part 38a of the occupant 
side base fabric 23a. The inflation gas supplied from the 
inflator 1 7 into the airbag 71 8 is continuously discharged 
from.the vent hole 31 in predetermined amounts. 
[0190] The method of folding the airbag 718 is de- 
scribed below with reference to Figs. 32A through 32D. 
[0191] The inflator 1 7 is disposed in the inside of the 
airbag 71 8 beforehand. First, the upper portion 38 is 
folded back at the broken line L1 parallel to the Inflation 
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direction D of the airbag 718 (top part folding process). 
It is desirable that the upper portion 38 be folded back 
so as to be accommodated Inside the main portion 37 
(front passage 29). The folded upper portion 38 is ar- 
ranged between the occupant side base fabric 23a and 
the body side base fabric 23b of the main portion 37. 
[0192] Then, the front part 37a of the main portion 37 
and the front part 39a of the lower portion 39 are folded 
back toward the inflator 1 7 at the broken line L2 diago- 
nally intersecting the inflation direction D of the airbag 
718 (front part folding process). In the front part folding 
process, it is desirable that the front part 37a of the main 
portion 37 be folded substantially along the front part 
24a of the connecting portion 24, such that the front 
parts 37a and 26a are accommodated inside the airbag 
71 8. After folding, the front parts 37a and 26a are Inter- 
posed between the occupant side base fabric 23a and 
the body side base fabric 23b. 
[0193] Thereafter, as shown in Figs. 32B through 
32C, the rear part 26b of the lower portion 39 is folded 
back to the main portion 37 side at the broken line L3 
parallel to the Inflation line D of the airbag 718 (bottom 
part folding process). After folding, the lower portion 39 
is interposed between the occupant side base fabric 23a 
and the body side base fabric 23b of the main portion 
37. It is desirable that the rear part 26b and the front part 
39a of the lower portion 39 are accommodated inside 
the rear part 24b of the main portion 37. After folding, a 
width is arranged between the top end and the bottom 
end of the airbag 71 8 so that the top end and the bottom 
end of the airbag 718 do not protrude extensively from 
the top end and the bottom end of the inflator 1 7. Finally, 
as shown in Fig. 32D, the airbag 71 8 is folded in accor- 
dion-like folds substantially parallel with the longitudinal 
axis of the inflator 1 7. 

[0194] When an impact is detected, the side airbag 
device 10 having the structure described above dis- 
charges inflation gas sealed in the inflator 17 from the 
gas discharge nozzle 20 toward the lower portion 39 of 
the airbag 718. The airbag 718 is inflated and deployed 
by means of the discharge of the inflation gas. 
[01 95] Specifically, the airbag 71 8 folded as shown in 
Fig. 32D is deployed in a trapezoidal shape as shown 
in Fig. 32C. Then, as shown in Fig. 32B, the rear part 
26b of the lower portion 39 is inflated downward from 
inside the main portion 37, and the front part 39a of the 
lower portion 39 is inflated diagonally downward from 
inside the airbag 718. The front part 37a of the main por- 
tion 37 is also inflated diagonally downward from inside 
the airbag 71 8 as the front part 39a of the lower portion 
39 inflates. Finally, as shown in Fig. 32A, the upper por- 
tion 38 is inflated upward from inside the main portion 
37. 

[0196] Thus, as the airbag 718 inflates, the supply of 
inflation gas from the inflator 17 continues. The inflation 
gas that reaches the upper portion 38 of the airbag 71 8 
is discharged from the vent hole 31 in predetermined 
amounts, in this way, the pressure inside the airbag 71 8 



is suppressed from excessively increasing beyond a 
predetermined pressure. Furthermore, the hardness of 
the airbag 71 8 is adjusted such that the airbag 71 8 de- 
celerates and stops the intruding occupant P by gradu- 
5 ally discharging the inflation gas inside the airbag 718 
through the vent hole 31 . In this way, the inflation of the 
airbag 718 is completed. 

[0197] Accordingly, the side airbag device 10 of the 
eleventh embodiment has the following advantages. 

10 

(1) In the front part folding process, the front part 
37a of the main portion 37 and the front part 39a of 
the lower portion 39 are folded back to the back 
edge of the airbag 71 8. The rear part 26b of the low- 

15 er portion 39 is folded back to the main portion 37 
side. The airbag 71 8 folded in this way Is deployed 
in the sequence of the rear part 24b of the main por- 
tion 37, rear part 26b of the lower portion 39, front 
part 39a of the lower portion 39, and front part 37a 

20 of the main portion 37. Accordingly, since the lower 
portion 39 of the airbag 718 begins inflation at an 
early stage, the inflation and deployment of the low- 
er portion 39 is completed more quickly. 

25 (2) In the front part folding process, the front part 
37a of the main portion 37 and the front part 39a of 
the lower portion 39 are folded back so as to be ac- 
commodated inside the airbag 718. In the bottom 
part folding process, the rear part 26b of the lower 

30 portion 39 is folded back so as to be accommodated 
inside the rear part 24b of the main portion 37. In 
this way, the rear part 26b and the front part 39a of 
the lower portion 39 are deployed downward from 
inside the main portion 37 during deployment. 

35 Therefore, the inflation and deployment of the lower 
portion 39 of the airbag 718 is rapidly completed 
even when the space between the seat 11 and the 
vehicle door 15 of the vehicle is relatively small. 

40 (3) The inflation gas from the inflator 17 is dis- 
charged toward the lower portion 39 inside the air- 
bag 718. The flow of the inflation gas from the infla- 
tor 17 is restricted by the connecting portion 24 to- 
ward the lower portion 39. Therefore, the inflation 

45 gas from the inflator 1 7 is rapidly supplied to the low- 
er portion 39. In this way, there is a rapid Increase 
in the pressure acting on the inner side of the part 
of the pair of base fabrics 23a and 23b correspond- 
ing to the lower portion 39, such that there Is rapid 

so deployment of the lower portion 39 downward dur- 
ing the initial deployment of the airbag 718. As a 
result, the inflation and deployment of the lower por- 
tion 39 is rapidly completed even though the airbag 
71 8 has the upper portion 38 and an overall large 

55 capacity. 

(4) The connecting portion 24 is formed by stitching 
the two layers of the base fabrics 23a and 23b. 
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Therefore, the flow of the inflation gas from the in- 
flator 17 is simply directed to the lower chamber 26 
without using separate parts. Furthermore, since 
the connecting portion 24 is not difficult to fold back 
into the airbag 718, the airbag 716 'is folded com- s 
pactly. 

(5) The connecting portion 24 verticaily divides the 
inside of the airbag 718. Therefore, during initial in- 
flation of the airbag 71 8, the inflation gas is mainly 10 
supplied to the lower chamber 26 and does not eas- 
ily flow Into the upperchamber 25. Since the capac- 
ity of the lower chamber 26 is small compared to 

the entire airbag 718, the pressure of the lower 
chamber 26 rapidly increases during the initial op- w 
eration of the side airbag device 1 0. Accordingly, 
the inflation of the lower chamber 26 is completed 
more quickly. 

(6) Since the connecting portion 24 is formed in a 20 
V-shape, the flow of the inflation gas is easily re- 
stricted so that It is not directed along the connect- 
ing portion 24 toward the lower chamber 26. 

(7) The lower chamber 26 is connected to the upper 25 
chamber 25 by the front passage 29 formed in the 
front part 37a of the main portion 37. Since the front 
passage 29 accommodates the front part 37a of the 
folded main portion 37 when the airbag 71 8 is fold- 
ed, the effective passage cross sectional area of the so 
front passage 29 is small. Therefore, the inflation of 

the lower chamber 26 is completed at an earlier 
stage because the flow of the inflation gas into the 
upper chamber 25 from the lower chamber 26 is 
more regulated during the initial deployment of the 35 
airbag 718. 

[01 98] The eleventh embodiment may be modified as 
described below. 

[01 99] As an alternative to mounting the inf iator 1 7 to 40 
the airbag 71 8 before folding the airbag 71 8, the inf Iator 
17 may be mounted to the airbag 718 after folding the 
airbag 718. 

[0200] When the inside of the airbag 71 8 is vertical, 
the top' part folding process may be performed after the 45 
front part folding process or the bottom part folding proc- 
ess. 

[0201] in the front part folding process, the front part 
37a of the main portion 37 and the front part 39a of the 
lower portion 39 of the airbag 718 are folded back to- so 
ward the back edge of the airbag 718 along the front 
part 24a of the connecting portion ?4. However, in the 
front part folding process, the front part 37a of the main 
portion 37 and the front part 39a of the lower portion 39 
need not necessarily be folded back along the front part ss 
24a. In the front part folding process, the front part 37a 
of the main portion 37 and the front part 39a of the lower 
portion 39 may be, for example, folded back to the back 



edge of the airbag 718 at the dashed line L4 so as to 
cross the inflation direction D of the airbag 718 shown 
in Fig. 32A. Essentially, the rear part 26b of the lower 
portion 39 may be folded directly before the accordion- 
like folding process of the airbag 71 8. 
[0202] The folded parts of the airbag 71 8 need not be 
accommodated inside the airbag 718. For example, at 
least one of the folded parts may be folded outside the 
airbag 718. When the space between the door and the 
seat 1 1 is relatively small, It is desirable that at least one 
part of the lower portion 39 of the airbag 718 is folded 
so as to be accommodated inside the main portion 37. 
[0203] The upper portion 38 of the airbag 71 8 may be 
eliminated. In this case, when folding the airbag 71 8, the 
top part folding process is eliminated. Also in this case, 
it is desirable that the vent hole 31 be provided, for ex- 
ample, in the front part of the body side base fabric 23b 
of the main portion 37. 

[0204] A side airbag device 1 0 according to a twelfth 
embodiment of the present invention is described below. 
[0205] In general, the inf lation of the airbag moves the 
upper body (chest region Pc) of the occupant P relatively 
easily in a direction away from the body 15. However, 
the hip region Ph of the occupant P moves with relative 
difficulty due to friction with the seat surface 1 5b. There- 
fore, as shown in Fig. 33, an airbag 818 of the twelfth 
embodiment has a lower portion 839 that expands from 
the hip region Ph across the thigh region Pt of the oc- 
cupant P sitting in the seat 1 1 . A part of the lower portion 
839 is disposed on the side of the seating portion 12 of 
the seat 1 1 . 

[0206] In this embodiment, the inflator 1 7 is disposed 
at a position so that the center of the inflator 17 is only 
250 mm above the position P (hip point) of the hip region 
Ph of the occupant P. At the height of the hip point P, it 
is desirable that the distance between the front end 
of the lower portion 839 and the center of the inflator 1 7 
be in the range of 350 mm to 500 mm. When the dis- 
tance Ll is within this range, the lower portion 839 is 
inflated at a desirabie speed, and the lower portion 839 
presses against the hip region Ph and the thigh region 
Pt of the occupant P with a desirable strength. In the 
twelfth embodiment, the distance L L is 350 mm. 
[0207] The side airbag device 10 of the twelfth em- 
bodiment has the following advantages. 

(1 ) In the twelfth embodiment, the airbag 81 8 has a 
lower portion 839 formed so as to correspond to the 
hip region Ph andthe thigh region Pt of the occupant 
P. Therefore, the hip region Ph and the thigh region 
Pt of the occupant P are reliably moved in a direc- 
tion away from the body 15 by the expansion of the 
lower portion 839.. Therefore, the occupant P is op- 
timally protected. 

(2) The hip region Ph and the thigh region Pt of the 
occupant P are relatively strongly pushed in a direc- 
tion away from the body 15 by the inflation of the 
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lower portion 839 of the airbag 818, and the chest 
region Pc is relatively weakly pushed by the upper 
portion 838. In this way, the chest region Pc, and 
hip region Ph of the occupant P are reliably moved 
toward the center of the vehicle. Therefore, the oc- s 
cupant P is optimally protected without injury to the 
chest region Pc. 

[0208] A side airbag device 10 according to a thir- 
teenth embodiment of the present Invention Is described 10 
below. 

[0209] As shown in Fig. 34, an airbag 91 8 has a lower 
portion 939 that is relatively thick when inflated. The 
thickness W L of the lower portion 939 is greater than the 
thickness Wy of the upper portion 938. It is desirable is 
that the thickness W L of the lower portion 939 be in the 
range of 60 mm to 150 mm. When the thickness W L is 
within this range, the lower portion 939 is inflated at a 
desirable speed, and the hip region Ph of the occupant 
P is pressed with a desirable strength. In the thirteenth 20 
embodiment, the thickness of the upper portion 938 
is 130 mm, and the thickness W L of the lower portion 
939 is 200 mm. 

[021 0] Fig. 35 is a side view of the airbag 91 8 before 
inflation is completed. The base fabrics 23a and 23b are 25 
stitched so that the lower portion 939 is billowed. In this 
way, the lower portion 939 expands to a relatively thick 
shape. The airbag 91 8 may be manufactured, for exam- 
ple, by providing a surplus of lower portion 939 by form- 
ing a tuck 938b in the seam 91 8a of the base fabrics 30 
23a and 23b at a part of the seam corresponding to the 
lower portion 939. 

[021 1 ] The side airbag device 1 0 of the thirteenth em- 
bodiment provides the following advantages. 

35 

(1) In thethirteenth embodiment, the airbag 91 8 has 
a lower portion 939 formed so as to correspond to 
the hip region Ph of the occupant P that is relatively 
difficult to move. Since the lower portion 939 is rel- 
atively thick when inflated, the hip region Ph of the 40 
occupant P is greatly moved in a direction away 
from the body 1 5. Therefore, the occupant P is op- 
timally protected. 

(2) The hip region Ph of the occupant P is pushed 45 
relatively strongly in a direction away from the body 

1 5 by the inflation of the lower portion 939 of the 
airbag 918, and the chest region Pc Is relatively 
weakly pushed by the upper portion 938. In this way, 
the chest region Pc and the hip region Ph of the oc- 50 
cupant is optimally pushed without Injury. 

(3) Since the upper portion 938 of the airbag 91 8 is 
inflated to the degree of being capable of moving 
the chest region Pc of the occupant P at the moment 55 
the lower portion 939 of the airbag 91 8 is inflated to 

the degree of being capable of moving the hip re- 
gion Ph of the occupant P, the airbag 918 can sl- 
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multaneously move the chest region Pc and the hip 
region Ph of the occupant P away from the body 15. 



Claims 

1 . A side airbag device comprising: 

an inflator for generating an inflation gas when 
an Impact exceeding a predetermined Impact 
is exerted on the side surface of a body; 
an airbag that is inflated and deployed by the 
inflation gas; 

a partitioning means provided in the airbag for 
dividing the inside of the airbag into at ieast an 
upper chamber and a lower chamber; 
a flow restricting means provided in the airbag 
for distributing the flow of the inflation gas to the 
upper chamber and the lower chamber. 

2. The side airbag device of claim 1 , wherein the side 
airbag device is mounted to the seat back of a seat 
disposed in a passenger compartment. 

3. The side airbag device of claim 2, wherein the air- 
bag Is accommodated in the seat back, and deploy- 
ment of the airbag is permitted by breaking part of 
the seat back. 

4. The side airbag device of cialm 3, wherein a means 
for facilitating the breaking of the seat is provided 
in part of the seat back that accommodates the low- 
er chamber of the airbag. 

5. The side airbag device of claim 4, wherein the break 
facilitating means is formed from a relatively non- 
stretchable material. 

6. The side airbag device of claim 1 , wherein the par- 
titioning means defines at least a rear passage con- 
necting the upper chamber and the lower chamber 
in the rear part of the airbag, and part of the parti- 
tioning means also operates as the flow restricting 
means. 

7. The side airbag device of cialm 6, wherein the rear 
end of the flow restricting means is disposed in front 
of the seat back, and part of the rear passage Is 
disposed in front of the seat back when the airbag 
is deployed. 

8. The side airbag of claim 6, wherein the flow restrict- 
ing means has a part extending vertically. 

9. The side airbag device of claim 6, wherein the flow 
restricting means distributes more inflation gas to 
the lower chamber than to the upper chamber. 
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10. The airbag device of claim 9, wherein the airbag ts 
provided with a means for maintaining pressure of 
the upper chamber below a predetermined pres- 
sure, 

11. The sfde airbag device of claim 10, wherein the 
means for maintaining pressure is a vent mecha- 
nism. 

12. Theside airbag device of claim 11, wherein the vent 
mechanism includes a variable vent mechanism. 

13. The side airbag device of claim 10, further compris- 
ing a thickness restricting means for restricting the 
thickness of the airbag, wherein the thickness re- 
stricting means releases thickness restriction when 
the pressure of the airbag reaches a predetermined 
pressure, and the thickness restricting means also 
functions as the means for maintaining pressure. 

14. The side airbag device of claim 9, wherein the ap- 
erture cross sectional area at the lower end of the 
rear passage is greater than the aperture cross sec- 
tional area at the upper end. 

15. The side airbag device of claim 9, wherein the par- 
titioning means includes a front portion disposed in 
front of the flow restricting means. 

16. The side airbag device of claim 15, wherein the front 
portion is connected to the flow restricting means. 

17. The side airbag device of claim 15, wherein the air- 
bag has a front passage connecting the upper 
chamber and the lower chamber in front of the front 
portion. 

18. Thesideairbagdeviceofclaim 17, wherein the front 
portion is formed so as to extend vertically in the 
front part of the airbag. 

19. The side airbag device of claim 1 7, wherein the par- 
titioning means is formed in a U-shape, V-shape, H- 
shape, W-shape, or horizontal T-shape. 



20. The side airbag device of claim 15, wherein the low- 
er chamber has a relatively flat bottom portion. 

21 . The side airbag device of claim 15, wherein the air- 
bag in the deployed state has a lower portion cor- 
responding to a hip region of an occupant and a 
main portion adjacent to the abdominal region of the 
occupant, and when the side airbag device is in a 
standby state, the front part of the main portion and 
the front part of the lower portion are folded back to 
the front end of the partitioning means, and the low- 
er portion is folded back to the lower end of the par- 
titioning means. 



22. The side airbag device of claim 15, wherein the par- 
titioning means defines the upper chamber, the low- 
er chamber, and a main portion between the upper 
chamber and the lower chamber, and the thickness 
of the airbag at the main portion is less than the 
thickness of the upper chamber and the lower 
chamber. 

23. The side airbag device of claim 22, wherein the 
thickness of the lower chamber is greater than that 
of the upper chamber. 

24. The side airbag device of claim 22, wherein the 
main portion is disposed at the height of an armrest 
on the vehicle door when the airbag is inflated. 

25. The side airbag device of claim 6, wherein the thick- 
ness restricting means is a tether or a connecting 
portion connecting inner surfaces of the airbag. 

26. The side airbag device of claim 6, wherein the air- 
bag includes an outer bag and an inner bag, which 
is disposed within the outer bag. 



25 27. The side airbag device of claim 26, wherein the flow 
restricting means has a shape that Is substantially 
the same as the lower chamber, and has a connect- 
ing hole so that the gas flows into the upper cham- 
ber. 
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28. The side airbag device of claim 1 , wherein the upper 
chamber is disposed at the height of the chest of 
the occupant, and the lower chamber is disposed 
at the height of the abdomen of the occupant when 
the airbag is inflated. 



29. The side airbag device of claim 28, wherein at least 
part of the lower chamber is disposed on a side sur- 
face of the seating portion of the seat when the air- 
bag is inflated. 

30. The side airbag device of claim 28, wherein at least 
part of the lower chamber is disposed beside a th igh 
of the occupant when the airbag is inflated. 
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